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Wherein the 
v. arious Effects 


Sppheritk Glaſſes, 


BOTH 


0 onvex and Concave, Single and Combined, 


IN 
P ELESCOPES and MICROSCOPES, | 
Together with 


Their Uenrurness in many Concerns of Humane Life 
ARE EXPLAINED. | | 


By Wa ui LLIAM Meru af Dublin I 


Fellow of the ROYAL SOCIETY. 
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ExViſtbilibus Inviſibilia. 
The Second Edition. 
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| romotian 
e a Part of Phyſico-Mathematical Knowledge in the 
-.o & + pow OY Rane ts 
perry preſent it, than to that noble Boch of Engliſh 

: Philoſophers, whoſe: Foundation by the Royal Charter „ 
Charles II. is to this very purpoſe. Fw far, and bon ſucceſs- 
fully you have hitherto proſecuted the end of. this excellent Inſtituti» 
en, "tis needleſs for me to declare: ſuice the literate: Warld is alrea- 
dy fo abundantly ſtored with your learned Labours,. and uſeful Dir 
ſcoveries; whereof I could here recount a Liſt of mam Hundrede 
publiſhed by ſeveral Members of the Society. But 1 deſign not 4 
| Panegyick, but an humble Addreſs for your Favour and Counte- 
nance to my. preſent Endeavours : And this I hope for, with. the 
more Aſſurance, having already ſeen your favourable Acceptance 
of many Offerings of this kind, and your ready Incouragemept: of | 
all ſuch Philoſophical Inquiries, as tend to the uſe of Life, ar Ad. 
vancement of Arts and Sciences. | 5 8 
Aud on this Occaſion J cannot omit expreſſing. my Sence of. that. 
excellent Method of Experimental Philoſophy, which nom, by.your 
Example and Incouragement, does ſo univerſally prevail, and. is ſa 
bighly advanced. all ever Europe, and other Parts of the World. _ 
"Tis wonderful to conſider, hom the Schools were formerly oven- 
run with a ſenſleſs kind of Jargon, which they call d e 


| 


2 


DEDICATION. 


und which men ſtudied with the greateſt Labour and Aſt duity, „that 
bey might attain the name "of Wie a id Learned. This certainly 

was the greateſt ſt Cheat was ever impoſed on the mind of Man : 

But why ſay 47 impoled ? 2 drew it an themſelves, and run 
their own Heads into the Noo ſe: 2 when "they had tangled them- 


elves | in a thou and ridiculous Diſputes about empty Queſtiqns, t 

0 4. had attajned the Perfict few of , Po i 
wh nd. Ideas in their Minds an[werable to 
they made ty fer their Tongues ; but took more pains to 1 both 
Give: and others, than is requiſite for the Propagation of true 
Mob tedge. aud indeed we may well imagine; that, bad the former 
Ages of the World been at wa that Labour and Study for the Ad- 
vancement of real Kntwledg, which: they ſpent in promoting ver- 
boſe Stuff; "Mankind by this time might "have been by many De- 
Trees more wile, and conſequent! ly more happy even in this Lifes 
for Wiſdom only makes men ſo. 

But in this laſt Age the Nele, Underrakings of: th Philoſo- 
 -phick Societies of Europe (to whom your Inflitution has ſhewn the 

. way, and been an illuftrious Example) have diſſipated theſe dark 
Miſt, and have \abdicated this kind of empty Stuff; which had 
crept into even Natur al Diſquiſitions; and 72 4 Leprofie had quite 
over-ran the whole Body 12 Philoſophy, deforming its Beauty, and 
ruining its Strength. Men are not ſatisfied now with noiſy Words, 
And nothing elſe; but require more ſolid Foundations of Knowledge , 
and believe no farther than they can find good Proofs. 

This great Change, which Philoſophy or 0 Proſecution of * 
ledg in general has received of late years, is manifeſt in all its Parts; 
but in done more than in natural Enquiries. Td theſe * 
given a clearly new Turn, wholly different from the Methods, by 
which they were formerly ber in the Schools. pic how 
advantageouſly the Change has been made, will be evident to oy 
that con 90 ters" the one and t "other "Method. 
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eee (obo. was. crtuiniy bil was ” 
| Algen .nd- profound  Juveffigator of. Natare):haverenared Phyſics Conſult = 
a1 heap of froathy Dijpoges, maiigghng'chewbole Knaurledge of Boch Faß 
and Mation, of Animals, Plants, and Manerals pof Celeft ra any Peck 


Terreſtrial Bodjes ; by Hypothetical Conjecturer, coin u by 205 — 
fible Arguments of Wit and\Rhetorick; ordered\in «Syllopiftital form an, 
and \ anſtwefing\Objeftions in like pid: 2 come 
heir by Experiments, By which Method rden were) us: ied> wen f. 
rant of the Properties and Affection of Natural Bodive,\' as-if they piopy 
were not at all the Subject of their Piſquiſitiams. V Ai per thaſginou Col 
ere the great Diftatord, of Phyſiths for\many; Ages in di Colliges © 


and Schoolex; and nn mn was. accountell e An 
lofophier,, - that would nat un their: — oo hu N 
that could Diſpute and diftinguifh, abby). Abipathy., ves 


cult Qpalities, Antiperiſteſis, und a Bages ach other fanen 
2 reputed a great Proficient, and deeply vers d — — 5 


Secrets"; dio all the mbile perhaps he Ne not any bf dhe Uni. 
rable Ppenomenu of the Magn, or iar 10 d all wivſedt b the 
Hiſtory ef am one Branch in Nature; Theyd rumble bur imlerd 


the _ | 


itton\\and. Diviſions o 5 _ 5 e Fe 
1 their Wan * 5 


2 it, 4 you by mo Qu bly 
cult Qxalic in?! They" D. 1 Stan 
Word here to ſchitb, e 4 
nothing f. 2 ar firff-buve _—_ 
know not the Cauſe of the Tides?" 1 rely 7] 
more becom, modeſt Philoſphers, it envy dr got oh i 
gegend (pai har, He pute A * s 
Bt (this! cler be Philoſophy'i that; Abieh N rf 8 
prevail d in the World : This it is, which is inſom d to n 
ſtudied in our Colleges and. . by the Statutes and Charters... 
ed Wy; def, 


108 e __ dr. | 
But tbo this pg 2 * be "I 4rd in in 


them bebe Reaſon whereof 1 \leave_to. the Conſideration of the learn- 
ed and reverend Fdeads of our Univer ſties )' yet the ſtrong Mitt of 
many in this laſt 
pihy advanced the vue wan of 19 155 * fen 25 
. 0 bat lan 1 Banca EU 2 { 

en 4 Countenance r different aalen . in 5. 7 
Hus unlibe is its ſhape in the Ars Cogitandi, R es de la 


Verite, u. from what it appears in Srnigletius, and the Commen- · 


| tators,qn Agiſkatle'? But ta nate do. we: owe for 4 greater Advance- 
ment in this Part, of Philoſophy, than to the incomparable Mr. Locke, 
Ibo, in his Eſſay concerning Humane Underſtanding, has re- 

 Gified yd e and delivered more pro 8 Traths, | 


75 20 
ark rl — Noh). than are te be met with in all the, Volumes: 
# 4-50 has. clearly. overthrown. all theſe, Metaphyſical 


aff oy corner oder Mache, 
LETS d, Knowledge. where they by 
| 2 o beta u de = un W 855 N A b Nussgag 


N in) th 5 18 Ny G ü WN 10 12 99 nn unn 


Voudt 4: ew Natura] 


Age have braten all theſe Fetters; Aud have hap- 


tin of Kaowladge, (which * lere 


noneß by 
wih. Sounds," Without clear hoop diſtin&t \Sig- 
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there is really nb others for Natural hilt 

For by Natural Phil phy or Plyſicks) we meant any. | 
| elſe, but the Knowledge of the Properties. and Aﬀettions'of Natural 
„  Bodier? died in this'to be rain d any otherwiſe, ban in Buopprintors 
4 and Obſervatian? Can any Mn Diſpure me ind th Knnoledgewof 
q the Magnet s Attraction, Direction and Yariation'y oh the Phas 
: nomena of the Mercurial Baroſcope "without Tryal and Experiments 
Nl Can any Arguments: prove, that «little Sulphur, Nitre, and Charedle 
ould: cho. ſuch a quick«and'# aft as Gunyowner'y before 
be actually put \togetber' and trycd es — have diſpured 
f to wt Eternity,” before their Gibberiſh-conld diſcover the-Ufe f thao 
a ordinary deſpicable Subſtance, Iron Ore: To which, for ought 1 er, 
'l ( as'a\(moſt"mgenious\ Author 'has-obſerv d) we art beholding © 
HH the Politweund\Plenty; all the Learning; State; nd\Maonificnttp 
; of the World,” beyond the Rudeneſe, Mania, and Bard of ths . 
4 


cient ſquage Americans: Whoſe Natural'\Enlowntents'and 


| ons equal thoſe of the moſt floariſhing* and polite: Nations; Buy thy 
8 wanted the Advantagiouslſes of big cntemprible Miner. Se that 
6 he, who: firſt diſcovered: the je of-that one por Mine dh Bnbal- 
J cain, that firſt taught the way.'of 4 working. in Iron, may ze defers 
" 8 vediyicelebrated as the Father of hs and ny 9 wy f Wo 


ö Conveniences of Human Life. 

I bon ſome will: ſay, that by/Natural-Philolophyiis mewit — 

5 5 the Kniwledge:of the Properties and Iiſes of Natural Bodies 3 

" but alſo the Aſſigning the true Reaſons. or Cauſes of theſe Properties 

q But in this Particular we are to, procerul mith great Cautibn.- 1 

„ kviopithe Mind of man is of that inquiſitive, ping Natipe bas, 

at upon any Appearance to the Senſes, it-immediately\fallso. 

F earch after the Cauſe producing. this: Effet. \ But\ingerg"in MV 

. ral Diſquiſitions, tis \generally. (I may; ſay almoſt ui toms, 

HM prrpoſe. We may make plauſibie Conjetturesg\ and;fonte fant of feu. 

; = Ow" 3 but others. 9 18 9 5 
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equally” probable: But theſe 
e 5 they erer only for (hat and. Diver/ine, Fur che omdipo- 
river, / abe küniverſe hal order d Natures Operation te 


be 57 by ſuch fins Springs, youek Motions, and inexplicable 
Ways ; that Man in this. Life may well deſpair of attaining the inti- 
mate Knowledge thereof ; and muſt, therefons contont himſelf wich the 
Luntemplation of playa matten of Fact, in which: be cane be decei: 
vd. But het, that we may nut wholly ſupprefs: this ing uiſmive Hu · 
mour, hut may. only: keep it within juſt Bound: It will be granted, 
That: whatever immediate: Cauſe can be aſſigned to an Effect 3 and it 
can be proved. ſo to be. by ſane: — Experiments; 240 
be eſten repeated, and dillgenth examin'd, and found to agree and 
eanſpire together; we' mh he allaw'd\to found thereon an Hypothe- 
ſ o. Suppolal of this Cauſe, but no more. We muſt not poſitively 
eftabliſh it as the nudoubted, 2 for this we may miſs 
Her dur moſt diligent Inquiry.» However the: Experiments vr 

and. demonſtrate to Je 


ſe, for the eſdabliſhing aur Hypotheſis, ſhall. be 
allowed as unqueſtionable Verities; and ſhall be exbraced as _ ma- 


* Steps of Advancement in the K woledpe of rome 
2 — | ol Cauſes 7 ſhall. give 
but ome: Inſtance, and that perbaps * any we ſhall meet 
with in Philoſophy. We are apt to think, that the Cauſe of the Suſ- | 
penſim of the Mercury in the Torricellian Experiment is undaubted- 
ly the Gravitation of the Air: Aud we prove it by a moſt convin« 
ang Experiment ; for putting the Barsſcope into the Pneuyatick En- 
gine, exhanſt the Ar; and the Mercury mamediately ſubfides. | But 
when we conſider it a little farther, we "we ſhall find, That hereby we 
have obtain d little more certain Knowledge, than plainly the matter 
Fact of this latter Experiment, aides the adequate Cauſe of the 
2383 nt enquired after. For we can only conclude from hence, 
that the Equipoiſe of Liquers is joy in of the Mercury's Suſpen- 
font But what is the Cauſe of roma an. rn, o the 
Cauſe gf the Gravitation of any Liquors," or any. Bodies > That is, 
What as ae Gravity in __— i» clearly unknopu to ur; 


_ a0) | and : 


* 


nt tbe; Neef Naniab-Phis 


not MY: eral. 5 true ind : | 
moſt probably arriu d at the pom 6 0 
Chain of Natural Cauſes; but this is not concl tf 5 


EN For ſo if one looking at & Fend 1255 
enquire, Why the Pendulum does not ceaſe; by devrees 1 IN 
ting 2 Aud he were anſwered, That it is ang in motion by the next 
immediate Wheel that beats on the Pallats: And this were offers d to 
be proved by Experiment; for ſtop the: motion of this Wheel, and the | 
Pendulum ſoon ceaſes : Would he not preſently be Sausfied, and. 5 
away ſecure, that he had diſcovered the Cauſe of the Lanes, 
the Pendulum's Mation? And yet certainly he bas miſtaken one 
Link for the whole Chain. For if he proceeded farther ; ply 5 
enquired, What moved this Wheel > He would find, the next Wheel , 
and ſo onwards to the Weight or Spring. But bere bes af 4 Ty 7 
for what-moves them, is abjolutely un von. 
As to maſt other Hegau in Natural Philoſophy, that Kah pals 
4s ſatisfaFtary, and are received as Accounts of Nature's Proceedings: 
We ſhall generally find them little more, than farther. Wuf rations 
the Matter enquired after in ſome different Words. Thus 4 {the 
asked, What is the Reaſon the Sun caſts a ſhadow From ſome B les, 
Viz. thoſe we call opaque, and. none from others, Viz. Tran / parent 
Bodies? *Tis anſwer d, —_ by the oþaque Body the Rays of 
the Sun are ſtapt in chats Progreſs, and hindred from. Fig 1 1 
that Part of the Ground ar Fibor. thut is behind the. Boch ß. In the 
155 Iva pn Body the Rays paſs free. "This whuld be tak ſe: 
veral as deep (Reaſoning ; and pet is really no more Oe ne, 
«5 if we ſhould jay, the Sun caſts a Shadow, 1 he 455 - 
dow. But it gives no Account of the Opacity of © one Body 2 3g 


parency of another, which truly the Queſtion requires. 77 we ask, 


How Fire burns: "Tis anſwered, by exciting a violent Motiof'in the 
Parts of the 4 le. Matter: Which indeed is no more than the 
| fame thing in different Words. But how Motion is excited or commu- 
veuted by one Buy de another, is abſolutely inexplicable. Jet On 
B a Kun 
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ee, ere 

Since therefore wi nile \expebt to arrive at the intimate Kn NT ö 
legt of Natures Operations: Let us apply our ſelves to know as much 
if Her, as, we may be civtain 0 i Aid this only is in Matters of Ex- 
periment and Tryal ; wherein by the infallible Guidance of our Sences, 
we cannot be deceived. For Tho Experimentum periculoſum, 
be an ancient Aphoriſm ; yet we muſt conſider of what Experiments 
it was pronounced, viz. of thoſe in Medicine and Diſeaſes. "It a- 
rees not to all, when diligently enquired into, and often repeated. 
ge "when we meet with any Experiment that is thus fallacious, we 
are not to rely on it ; yet of this we may be ſure, and lay it down 
as 4 diſcover'd Certainty, that ſometimes it hits, ſometimes it 
miſſes; and in this Truth we cannot be deceived, \ ſeeing we e have ſo 


often ound it. 
But I have lanch'd out 100 far, before I was aware: I muſt re- 


cover my ſelf, and beg Pardon bath for this Digreſſion, and for telling | 
You Things which you very well know already, at the ſame time when 
Toffer you u Petition, But my Deſire of propagating this uſeful Me-. 
tho of Philoſophy i will excuſe my Fault, and at the ſame time will 7e- 
kommend me the more to your Favour, who are the great Patrons thereof, 
1 in Accor nt 1 84 = N ame is ' deſc ervedly celebrated all over 

rope. 

h, n ore to lay this Offering at your be! AS Mite the 

5 of. one of the moſt noble Inſtruments of Experimental Philo- 
Jab 


Not that I think thereby to add any think conſiderable to the 
vaſt Treaſure of Curioſities you already poſſeſs: But that I may have 
«1 Opportunity of Ae fo "Ws World, bow much bong _ 
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\ EFORE che Reader proceed to the following Sheets, I de- 
ſire he may take notice ; Ted} N 


* ” 


Firſt, That he is not to expect Geometrical Strifneſs in ſe. 
veral Particulars of this Doctrine. I ſay, in ſeveral Parti · 
cularsz For many there are, which will bear the moſt pre. 
ciſe Exatneſs: Kepler, Cavallerius, Herigon, Dechales, Honoratus Faber, 
Gregorins, Barrow, and other Authors have taken this Liberty; as be- 
ing more deſirous of ſhewing in grofs the Properties of Glaſſes and 
their Effects in Teleſcopes, than of affecting a Nicery, which would 
be of little Uſe in Practice. Thus we ſhall find in what ſollows, that 
many Lines are ſuppoſed eual, which ſtrictly taken are really not 
ſo; but yet are ſo very little different, that for all uſe, and eaſe of 
Demonſtration, they may be taken as equal. Thus alſo we ſuppoſe 
very ſmall Argles and their Sines to be proportional ; which preciſely 
is not ſo, but is ſo to the ſmalleſt and moſt inſenſible Difference: 
Thus likewiſe, we ſometimes conſider not the Glaſſes Thickneſs', but 
ſuppoſe it of the leaſt Thickneſs imaginable, or of no Thickneſs at all; 
which yet is falſe, but does hardly prejudice any Demonſtration, i For 
Dioptricks being a part of mixt Mathematicks, converſant about mate: 
rial Lines (or Rays of Light) and the refractive Power of a corpo> 
real Glaſs, cannot be delivered with that Au elt «a Geumetrica requi: 
ſite in abſtracted Mat hemat ic ts. 5 55 02. ator gyeff 1 
_ Secondly, The Reader will find ſome Corollaries and Scholiums here- 
after delivered, which of . themſelves more properly might have conſt. 
tuted Propoſitions. But theſe did not occur ſo readily in the courſe 

of the Work, And therefore I choſe rather to add them as Corollaries 
= 1 | than, 
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dan change the number of Propoſitions and Citations. Of this kind 
are Corel. ad Prop. 8. Corol. ad Prop. 15. ö. 
Thirdly, 1 have preſumed to intitle this Work Dioptrica Nova, as 
being indeed almoſt wholly new. Very little being borrowed from o- 
thers, but what is requiſite to ſhew the former Methods of Authors 
in demonſtrating their Propoſitions, and to Keep up the Conſecuti- 
on and Series of the Propoſitions of this Book. Beſides, I can ſay, 
that the Geometrical Method of calculating a Rays Progreſs, which 
in many particulars is ſo amply delivered hereafter, is wholly new, 
and never before publiſh'd. And for the firſt Intimation thereof, I 
muſt acknowledg my ſelf obliged to my worthy Friend Mr. Ham- 
ſeed. Aſtron. Reg. who had ic from forme unpubliſhed Papers of 
Mr. Gaſcoignes. _ 1 2 8 
Laſlly, 1 declare, That if in any thing hereafter delivered, I have 
made any Miſtakes, or not fo clearly expreſſed my ſelf upon Intima- 
tion thereof, I ſhall be moſt ready to retract. And therefore if in any 
thing I have ſſip'd, or made a falſe Step, 1 deſire the ingenious and 
candid Reader either to inform me thereof, and upon Convittion, I 
ſhall /»bmir ; or elſe that he would freely pardon the Error; Znma- 


won oft, | | 

Tho I had begun, and made ſome op. wap in this Work in Latin 
yet I thought it convenient ( at leaſt for the preſent) to alter my De- 
ſign: There being nothing in this Part of Mathemat icks ever yet pub- 
liſhed in Engliſh, And I am ſure there are many ingenious Heads, 
great Geometers, and Maſters in Mathematicks, who are not fo well 
 $kill'd in Lat in. 5 5 LEW e 
lf Forreigners may think this Work deſerves their Peruſal; in time 
perhaps I may ſatisfie them. . 5 

And becauſe I have ſtudied to be as plain as poſſibly I could, I 
have choſen rather to be prolix in many Particulars, than leave any 
Ambiguity to the moſt ordinary Mathematician. And therefore in 
demonſtrating, I often repeat ſeveral Steps tho the leaſt altered ; that 
all things may lye as plain as poſſible. And on this Account 1 
hape, the curious and profound Geometers will pardon me; I know 
they are uſed to what is conciſe and cloſely put together, much ex- 
preſſed in a little: But this Method ſuits not every Reader: And 
I have choſen to accommodate mine to the plaineſt Capacities. 

Laſtly, in this practical kind of Mathematicks, I deſire the Reader 
to have frequent recourſe to Experiments; for 'theſe illuſtrate the The- 
ory and make many things clear, which otherwiſe will paſs obſcurely. 
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[ uſe the common Notes of Al ebra, with two or three new ones 1 
introduced by Branker or Dr. Pell, ſuch as 
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2 With a Line over it ſignifies the abſolute Number 2. 
* Is the Note of. Multiplication or drawing into. 


In the Demonſtrations the larger and leſſer Margins or Columns 


are of the ſame uſe as is "_ ed in Dr. Pells A” To wan 
I refer the Reader. 
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EFM. is perpendicular to AB ſupp 

Sac Ray of Light falling inclined on che G 
2 0 e H is called. the. aint of: 15 2. 
II. "The. Angle EE G.comprehended between; the E 
dicular and the Ray, is the Aigle . 'Incidenc e, (wich _ 
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c.) tho by miany Dioptrick. Writers * tis called the Angle of _ 
Inclination; and irs Complei m AEG, is uſually by them 
called he . Angle of Incidence. Bu: I ſhall uſe the Terms In- 


clination and ej 4 i promilcuoully, _nraysdefigoingrhowby tent 
the ine comprehended between, the erg EF and the 
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ed "ere 
and this is — to my py Bur Jet there is ſuch an 


. „ hin 1682. Mar . yy 183. by 
the Learned oak 4 e 6. G. Leibnatius, t I cannot 

eimit infering it in the Second Part of this Work, Chap. 1. 

Il. The Ray that falls perpendicular (as ſuppoſe EF a 

| Tay N urreftscded, but all inclined oy oe are © refradted. 
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DIN. 1 . Miete Fx ub KHL mer det dy t the 
7 directly W and the refracted Ray is che 2 
of Refractin. 
1 W. The Angle UPM or Z HK compriſed — the : 
refrated Ray and Perpendicular is the refracted Angle. 
V. Diverging Rays are thoſe that ſpread and ſeparate the 
5 ſicther from each other, as they flow farther from the ject. 
| 9 x. on Bis e Hein; AB, DB, CB, 
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Rays flowing from one and the lame P 
cannot be. parallel,. for they Always. 4 


ject is at ſuch a great diſtance, and | 1 . 
is conſidered, is ſo fmall; that delt l. Diver | is litele or 


nothing conſiderable, theſe Rays are ſdid to be parallel. 


N me vs Fg. 4. A is a Point in an Object ſending forth its di. Ties 


verging Rays AD, AB, AC, AE; let BC be che breadth 
of the Pupil or breadth of an O prick Glaſs: Here if the 
Point A be fo remote, and BC be ſo ſmall, that che Parcel 


of Rays BAC, do inſenſibly run parallel, chen theſe are laid 


ro be parallel Rays. bro te Sd ni enoitloget Te 


VIII. Thoſe radiating Points or Objects are ſaid to beretoet; 


rhe: diſtance from the Eye or Glaſs is ſo great, that tlie 


breadth of the hea or Glass, in reed thereto, 3 


fiderable. bus toons d from ads H 

X= Thoſe e Points or Objects abe Gi to be uy 
3 there is a ſenſible proportion between the Pupils ot 
Glaſſes breadth, and the diſtance; ſo that che Mays ſſqwing 
from any ſingle Point thereof do not run: p 11 to 


other, but eme nee rl ſpe. e the Püpilb or 
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G. 1 2 1. N Fo © ZX is a Body of Glaſe, HUI 11 F 


ndicular to Z X/. A is a Ray flag on thisGlaſs) and 
the Angle of laclination ori: Incidence is HR A=DB G1 
Kepler tells us, that under 30 deg of Inclination\ from Ait 
to Glaſs, the Angle of Raabe DBC is + ofithe<Jndling) 
tion, therefore che! refracted Angle C BG is of che Inclina> | 


tion,  Wherefore-we we lay down — „ 
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e de Vo: But fug e 3 8 8 ee 5 
40 B tis refracted Pom: the Peipendleuler B LI, and becomes 
4.7.1 7 BAIzi che-Inglindtiqncis CB GHB andſthe nm mn ; 
| hes Fr 3H 1.04 if \ Gre nige, MM _<{ 
9115 ins fg 171 EB. { Ma; ffi £1 oy. 1 2 % By 9 
157775 inden FIB I: 4 fraction. IBA 17970 D 
Th 4p Refraction'l A: refradted. 4 HBA . 385 1 
Linh ee e eee ed eee e e 10 Mm 
Theſe Propeſic tions in the 4th. and 5th. Experiments we 1 
fhall: retain.in dhe following enden, for the Eaſe and 3 
Plainneſs thereof. But in Calculation we ſhall obſetverhe ro- 2 
Portien that follows in the 6th. Experiment... WM 7 
VI, But the moſt Learned and Ingenious Mr. aac Neinton f 2 
£7 P by moſt accurate pen al. 1 [: 
of Kepler were not ſufficiently.exact 2iFor-DesCartes WW © 
5 ind; that Refractions were not to be meaſured by the Pro- 


portion of. but by the Proportion of Sims. See his Diop- _ 
— Cap. — 1 :ArdnherofoieMiiNewne ply'd himſęlf 4 
_ diſcover the Proportion of the Sines, and found; That froh Air 
to Glaſs, the Sine AK or DF ef the Angle of Incidence A B K or 
DBG: is to the Sine IH or CG of the refracted Angle CB G or 
Rif A 300 to 193. ( near, 'as 1 4 to g;) Aid on the contrary, 
that Tae to 4 | the; Sine of the Aide I to the Sine 
th reflabiedl Angle 25 at 193 : 10:3 00, or 4 9 to 14. But the - 
ame Nin Newton//in! his Diſſertations concerning Colburs and 
Kl, ublifſh'd in the Philoſophical Tramſattiuns, bas at large 
4 (trated, that che Rays of Light are not all Hombgenrous, *' 
* ſame ſ 1 different Forms and * 
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can be no bonſtant 
Incidence and ate ntfs 8 But che Pfb jtion 
that comes ineareſt Erich a tl eb e 7 
Light; is nearly as-3befroivy % or rpiton g/l 5! eb 4 W 
II. As the Sint of the Angle of iny one Inelindtor's To  . a 
the Sine of its refracted Angle: : So is the Sine of a er =—_ 
Juclination: Ta the Sine of is'refracted Angle. Therefore 
by: een the Pro benen. Ainet of nay one 
portion will bold in in an en er . — w N N See 11 5 8 * 
Dechales Diopr. Lal. il Prop. i 2, c 8er le Gap ts Per. = 
Parti, tnibs20019 CAN ys l 51165 032d bon Hur wels, . 
=: Wherefaro thb Iticidencerbe inclinacion ohe Rey being given, 
tis eaſie finding the 'refraQted Angle; ſor cp, _ 
as. 300) TO 1193 :: (ot as 14 f 9) So the Sige of the Ia. 1 
mene er the Sine of ale refracted Angle, from Air to- 7} 
Glals.. 12 BHE 12 ainictrb O WI 1919! O10 ei! ub. gr FIN, > 
| Dr Meckinicallyi thus, K B being the given Angle of u:. 
cidence,: by a Sector rraks the! Sine thereof KA or DF 3e 
parts (or 14) and take 193 (or 9) of the ſame parts aj ‚/)ꝗq 
Mae eee CG or HI the Sine of the xeſtacked Angles = 
then draw B C, this is the progrels of the Ray AB after id e 
* the 0 / „ 4 
III. reſs of Li through different Mediums is reci- "2 
procal : That 3 * 2 1. n the luminous Point .:. 
G:in Air, o fend from it thei Ray he Glas Ao: 
this Ray by the Glass is reftacted int FH with the GR, 
Let us now 1 che Point EI within the Glaſs, to Be 4 . 3 
luminous Point, lending out from it ſelf the Ray Hp: The. 
W aa its Emerſi on from Glaſs into Rif, tend 66" fires? _— 
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alter e RefaRion on 5 b Sachs Fr he Clas Fe | 
biin E H, and afterwards in HK; if we conceive; K a Lumi- 
nous Point, ſending its Ray K H on the Glaſs f this Ray af- 
ter a double Refraction on the two Surfaces of the Glaſs ſhall 
be refracted firſt into H E and then into F G; Gking the fame 
reciprocal Progreſs 1 in both Caſes. 
-- And this is not ſo. properly proved from Experiment (tho 
that alſo does abundantly and moſt exactly confirm this Truth) 
but tis manifeſt and ſelf-evident from the very Nature of the 
thing. For whatever ph 47.55 Reaſon there is, which cauſes 
the Ray GP proceeding from Air into the Claſs A D to be re- 
fracted from its direct Courſe EI into FH; the ſame reaſon 
there mult needs be to cauſe the Ray H E, proceeding from the 
Clas A D into the open Air, to be refracted from its direct 
Courſe EN into FG. For doubtleſs the Refraction proceeds 
from the Diſ parity of the Mediums (but how or in what man 
ner tis needlels to enquire in this place). Now the difference of 
the Mediums on their two determining Surfaces, or asighe 
Paint of Incidence E, continues the lame, let the Ray procked 
from which of them ſoever. For there is as great a reciprocal .. 
Difference; between Glaſs and Air, as between Air and Glaſs; 
and conſequently the Refraction e N be e 
Vd. Barrow Lets. hg 3 ect. * n 
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X. Whatever Line is! rr "Faw: as pd T ent ak an 
Curve Line at the point of C gbr is ſaid to be barrel 
T«.Fi.6 to the ſame Curve, Tab. 1. Fig. 6. DE being a Tangent to the 
Arch of a Circle AB C, and FG being perpendicular to DE at 
the Mo of. Contra, the Line F G is allo e to. 
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| u. A Line an is inlined to We Pn * of auy 
wd bo i Sub and the Angie el ine ati = 
Curve, is the ſame with the An, Anclinaion to the Tan: 7 
zent. F H is inclined to the Curve AB C, by the Augis 
HFG, according to which Angle ow ame Line H * m. 7 
| clined to the T t DE. | 
XII. K being e Centre of che Circle A B c. ag B K — _- 
1 to H E, the Arch BF meaſures the Inclination of che 
N Tine H F to the Curve ABC, or to the Tangent DE: for 
ine B Kis equal to the Angle HF G. (Pr. 29. 1. El. 
« XW. The Rays that proceed from the middle Point of aa 
| ob ect, when the Glaſs is ex oled directly before it, are ſaid =_— 
60 dal "direly on the Glaſs ; but the Rays that flow from the 3 
Collateral Points of an Object, are ſaid to fall obliquely on the = 
| Glaſs. Tab. 1 Fig. - J. ABC 41S: 4 al ant- Object, ſending havin Fo 3 
parallel Rays from each of its Points a the Glaſs GK, cxxõxx“4“ + 
ſed directly before it. Here the Rays flowing from the Point = 
5 are ſaid to fall direfly on the Glas, as BG, BH, BK 1 
But the Rays flowing from the Point A, or any other Collas : 
teral Point, are faid to fall obliquely” n the Ga, Fr 
A, AK. And here tis to he noted, that the point B is. | = 
faid to be directiy —_ to the Glaſs, when the Axis of 
the Glaſs EHB direftly produced, meets 'chis" Point B: But all 
other Points in the Obj — are Collateral Points; for tho they | 
may be directiy expoſe to ſome other Points in the Glaſs, yet 
Gregg and 2 are here to be underſtood only in reſpees of 
the Glaſs's. Auis or ane Or in ſhort, that Point in an Ob- 
ject is ſaid to be direct, the A of whoſe Cone of Rays iv. 
coincidene or the ſame with the Axis of the Glaſs; that Point 
in an Object is ſaid to be oblique or collateral,” the Axis of whole: 
Jone of 2 falls So 0 — 2 of Wo __ "Fd. 


| It 12 mu” f { . 1 280 En — en 3101 4 14 * r! It 
= * * FLY Jes 8 1 £08 * A Fo * R vv ASS, r 1555 4 0 11 75 
Av. 


= wn — 
8 — — — — — 
wy m4 
2 rere 
9 . 


\ — = = * — * _— x 
2 - —— — — PRs = - 
L 2 r „ „ * — = — os 4. 
r 5 = * * * 
5 5 < * I e e dong 1 5 TEA N K 5 * . — e 
ii der b * — * ae - f KG. 450 3 80 n . A eee * A AS ” „ — - 8 = 
Ne Ine "I » 3 N Wen c — R jc M 
PIs 9 < $0" hl LEE | 5 21 " : 
«< 1 2 * N Sr n e 8 » 4 N * * * . Ret Gt 2. N 2 
£ [OG unn — — 5 # 7 en nen 2 1 ISP 3 P 
4 3 x oaks * en AX * . 2 5 * b : = of 5 r . e 
* 4 9 J A = WS : 4 , 6 bs *. 5 4 Se] y T4 =. 82 , _ 
L g I g N , * | - 5 p ) % 8 PET HH IA 
9s ö F W i 2 , ä 
* ö . 1 N , 285 23 N PP ng 
- , 4 - x, l 


n 
8 


e 


4 


- c the. 4. a N Nn ue * 2 2 3 + Te * 
LY ECG FR a Reon ws 32 * dE 9 n * * * W * A — 
7 c : 2 wad hot: a: N * EY RO RE tO Tn Oe op CI 7 7 
* . . N we : ' 8 e 5 * EPF * W ah TR 
v by 5 as * 3 F * 7 c * þ — back 7 Ges 
; 8 5 | x 1 STFC: 2 1H 8 g e 
0 8 5 8 N tt 7 7 1 
3 | N RSA £23 * 8 © Ge 
IS I $ ; > Ke ; 10S 9 4 : 1 « 2 
o : * « NA % "IF * * 7 3 © 
4 F a | K £ 8 : 8 . 
8 
: ; 4 
wk p p 2 . * > SY 
” : ] 
V 2 \ . 5 s 
1 ' 3: 72 
4 5 
5 : , 1 
„ X 
. 
N 1 


N 


ter in a dark Room, and that thereby the Object AB C were 


repreſented on a white Paper in FE D cho this is done we 


| ſhall ſee hereafter.) From each Point of this Object there falls 
a parcel of Rays on the Surface of the whole Claſs; thus 
from the Point B, there falls BG, BH, BK. This parcel 
of Rays is called 4 Cone of Rays, having its Vertex in the 


Point of the Object B, and its Baſe on the Glas. 


XV. To this Cone of Rays there is another Correſpon- 


dent on t other (ide the Glaſs G EK, which has its Baſe like- 


wiſe on the Glaſs, and its Vertex in a correſpondent Point E 
wann BHD 9 pein agdgy 
XVI. Both theſe Cones together (that is BGEK) are called 
,, ow Pod 4eids aig wont 
VVII. Each Pencil of Rays has one By 


amongſt the reſt, 


which is called its Axis. The Axis of the direct Pencil BGEK 


is the Ray BH E, which falls perpendicularly on the Glaſs, 


and «170m through it unrefracted. But the Axis of any of 
the oblique Pencils, as AG E K is ſome certain Ray, as AHF, 
Which, tho it fall obliquely, and conſequently is refracted 


by the Glaſs, yet being refracted from the perpendicular at 
its Egreſs from the Glaſs, as much as it was refracted towards 


the Perpendicular, at its Ingreſs into the Glaſs; it may be taken 


as not refracted at all; but that part of this Axis which is 


before the Glaſs (viz. A H between the Object and Glaſs) 


and that part of it which is behind the Glaſs (viz, HF be- 
tween the Repreſentation and the Glaſs) do run parallel to 
each other, or rather in one Right Line; that part of it only 


which is within the Glaſs, being bent out of its ſtraic Courſe, 
And\that in cach oblique Pencil of Rays (for of the ditect 


Pencil *ris- manifeſt) there is ſuch a certain Ray thus affected, 


ſhall appear more fully hereafter. And here we are to diſtin- 


guiſh between the Axis of a Pencil of Rays, and the Axis of the 
„„ 


Glaſs... See Def. 18, 
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„ee e ants! axe. 
ferently in the Schemes (bis by. Lines or mall Points) ik or 
better Illuſtration, _ aer diſtinguiſhing cher Progpels, , W 
fack ACD is "the Se Seoment of a Sphere, © the Centre when " 
is F. KB a Ray falling on the Glaſs; through the Centre F 
draw CFR . to KB, CFR is the Axis, and the Point 
C the Pole or Vertex of the Glaſs : Or more e thus, 
The Axis of a Glaſs is that Right Line, which, - produced 
both ways, falls on the Centres of the To 8 — Surfaces 
(if the Glaſs be a double Convex, or dont Concave): or 
which being produced both ways, falls on the Centre of the 
Spherick Surface, and perpendicular to the plain Surface, (if 
the Glaſs be a Plano - Convex, or Plano- Concave.) So that 
the Axis of a Convex-Glaſs pa les dicular to the thickeſt 
part of the compleat IK is encave to the thinneſt part 
of che compleat Glaſs. Why Curb. is added, vid. Second 
Part, Chap. 4. Sect. 4. Tbe Poles of a Glaſs are choſe two Points | | 

in the Glak . which the Axis paſſs. WW 

Tis needleſs to define what is meant by a Convex. or 
Concave-Glaſs, Gr. foray dre en this already. 8 "OL 

XIX. The Ray K B falling on the Convexity 82 „ po 
rallel to the Axis CR, and ir refracted to R; ſo t 
now it runs no more parallel; but croſſes the Axis in R:; the 
; 5 R is called 15 Point of Cave er of ene or 
the Focus. Lt wr. 


70s uro. 


That from every 13 800 Point in an 'obj 60 Rays of Light 
are. a in direct Lines through the Hemiſphere round it. 
Tab. 2, Fig. z. Thus the Point h in the Object abc projects a 

from i the 3 2s bd, bd, wherever they are not hinder- 
ed by ſo * een And theſe Rays Wa 
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Medium. But bere we ate to conceive' Taten or. lu. 


88 eh not in a ſtrict Mathematical Senſe, 
Ws LENS i as $ the. hall =" imaginable in in an 


4 


* 


7 * . 
14 1 , : 
* 4 12 7 4 # * of h 
z : o 1 w 
14 S E 5 . 4 4 1 q 
f 1 * 1 *3 * — - >. % $f 8 | ! 


2. Suppyfrim. 
1 de b of che E ye, Claſo, or Glaſs 


. 
DF 


or that the Eye, Glaſs, or Glaſſes 5 before an | OO 
are 55 6 wand e ns W 


Fax 
— 
N. 


5 — Error a Lon their confuled mentioning of Rays, 
— 3 to them the Epirhets of Nuvrrging, and Con- 


e Croſing ;; without expreſſing elcarly. aw hecher 
I Ban Nays from one and the ſame Nin in an Object, 


2 Dae it Points. Thereſore we are to -confider 
in the enſting Doctrin, whether the Name Rays do relate to 
thoſe from one and dhe fare Point, or from different Points. 


And that this may be the more leaſie, I do generally exproſs 
che Rays from the ſame Point to be Judh, bel 3s, I call chern 
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| Ore an Obe be Gepe to the Plane of oh in | 


— our Akers of Opicks, el Ne -xity 


rom the ſame . e e en 


E is 4 R 25 parallel to the Axis CFR. There 
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ae ty uh 1 e . one 25 de le 
| Paine 3 Incidence. B, croſſes the Axis CR. 200 


2 Produce. Kat pleaſure to H, and draw BEX ar pleaſure. 


. ,14Inthe Right Angled! Triangle B O E, we have L. | 


and BF, whence we ol 9975 the "ny abe 
which is ah reiter. vor e ee At ren Re 
2. Then ſay, 28 300: ” 1933: or aß io 
Sine HI ot. the Iacidence E B F z 50; 
fracted * le Ng F. then HB F RRR 

wien is. th of-Refration. \v mic » bend nl. 
me 15 che Triangle R BF, all the Angles and e 
Sides B F are Known, hence we wa d FR; Mich ps 
required. . 12 75108 - ¹ Kis ak 2401 al N K 3 Tit ritt. eic bg 1 
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FB=FC=2 1 or 20000 Parts, an 105 being 1 10690, 


B O an Laah, or oo ſuch Barts. The. Angle of Inci- _. | 
dence! or Jocknation;;BRO=HB E will be £aund-11.4; 28... 


And the refracted Angle FBR hall be 8 855 —— Whezetore 
BRE=HBR=5" 14 \Whenge the Line F Ris f. 
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| This Proj 1 5 is cbs 145 of Keplers Pups, And in 
bh and orh 2 . 2655 uſually woah expreſſed and de- 
montre u, d bog 
The Rays that are parallel to the i, af fall: ſo on the Con- 
vex Surface of 4 Glaſs, and at their Ingreſs are Pfu, and 
ſo paſs forward in Glaſs" enhy, are united with the Axis at the 
diſtance-of almoſt a Diameter will balf of the Convexity," ſuppoſmg - 
the Glaſs to be 4 Portion of no more than ubout 4 © degrees of its 
Convexity, or (which is the ſame thing) Juppoſoig the Inclination 
of the moſt extreme Ray to be but 15 degrees. 


This Limitation of 15 degrees Inclination is added, 3 10 


above 15 degrees Sines and Angles are not proportional, but 
under 15 degrees they are nighly proportional, a double 
Angle having a double Sine, a treble _ a ome 8 
C- 2 Bisig ns Ari Hot 10 i I 13 
Nr ria. Wpberefore they 7 detonate this Propoſition.” E 6. 2. 
. 3 * BEO=HBE- is the Inclination, HB R=B RP is 
the Angle of Refraction, RB F the refracted Angle. But by 
Expernnent 4. RB F the refracted Angle is to BRF the 
Angle of Refraction :: as 2 to 1. Therefore the Sines of theſe 
Angles, being under 15 degrees, ſhall be as 2: to 1. But in 
plain Trian _ the Sins of the _— and the Sides ſub- 
Sore theſe Angles are proportional ; therefore the Side R F 
is deubſe FB or FC. Wherefore Ro isthrice FC, 2 
i three Serniciamerers: ; Which was fo 6h" Kata, 
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When a Ry 10 on 4 Spberick Glaſs, - and ove: it bein . = 
? but once refracted, croſſesthe Axis. I In ulli be, as the Sine of = _— 
| Angle of Refraftion : to the Sine of the Angle of Inclinatio 8 5 
oy Ware, of the Glaſs s Sphere to ther.refrabted __— „„ i 
Hg. 1. Let her be rhe:Cbnyex Suk i at. 2 
A D E, k ba Ray of Light, f che Centre of te Comvexity, | 
bfc the Angle of Inclination;\ bo che Sine ofthe; Inclination, 
br the refracted Ray meeting the Axis inv, bp Urc = to 
* Angle of Refraction; drawy e parallel ka r then e fe 
ty to hy c, andiec is che. Sine of che Augle· of Refra Ton. : 
by reaſon of the ſimilar Triangles:br di1eficy it hall be 
evi BO ef: br. Which was to be demonſt rate. 
Vbherefore ſuppoſing that from Air to Glaſs, the Sine of the 
Angle of Inclination: obo co the Sine of cher reſtacted Angle: 
as 300: to 193: then the Sine of che Inclinatidn halli be: 10 
the Sine of the Angle of Reftaction :: as 3 00: t 3e, 
= 107. Becauſe the Angle of Refraction is equal to the diffe- 
rence damen, the ae! * RE _ 1 refracted Angle. 
And Sines a es being (in theſe ſmall Angles)-propor- 
tional. It ſhall be, As 1 300 — 2 the Con- 
db to the Concourſe of the reftacted Ray with the Axis. 13 | 
Ir ſhall alſo be, As 105193: vſo the Radius o the Counn.k 
vexity: to the Concourſe ny the: innen y beyond! the 1 
entre of the Sphere.” . n Ahr man 1 10 4 HI N a 9 \, 


- * For Tab. 20 Ve ac ee 28 30⁰ $M 2934 £13 mea. 
Dividing che Firſt 2 e ue A fecit ee): 255 
I. . 3 fac :: 10% 19 u 0 . 


Moreover, 4 4a f=fbc=Angle of ns! 
From 3 and 4 5e: frac :: lo: 193. 

But in the abc fbc : Face 1: Rad. ac TY l 
From 5 and 6 7ſioy: 193 1: ac cb To: Sow 
courſe: of — beyond * Centre of Aer * Which | 
was to be demonſtrated. x0. 
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| 1460 Object with its:Convex fide tawards/it, aud receiving the 

_ a td tpar mow Axis e 2, tis regurecd to Wetermin the 
=_ _ ,01:: Opt] of Con 2 from tbeſe Da ta, if h the Glaſſes' thick 
4H cr an . dg the d of = 
n e finds Ares 
| E _ .ncThe faimeProblenuis propoled-from.che ame Dats, for che 
= plahe: Ride towards che Object. 


But firſt for the Oonvex· Side to the bj eK The Meck, 
nical Conſtruction is thus, Tub. 4. Fg. 1. Wa Ray c d 
through the Glaſs ar plealurr-00 m. To from 4d:iche Poiut 

_ of: _— rdfaw;ithe Line d co er wen * gage 
vexity 3 * is is the Perpendicular, and the Angle 4 Am che In- 
* or Inclination. On d as a Centre at 5 diſtance ſtrike 
che Arch o, in which make n the Sine of the Angle of 

Incidence, ten 0 f the Sine of the refracted Angle, as 14 to 9 

(or »p'9 ſuch parti las inn 5-14, Which is calily done by the 

Sector) the Line dis {hall be the Line in which the Ray 
ildprocced'; if the Medium of Glaſs were continued ſo far. 
hecauſe / in [this Line: at k The Rayoemergese from che 

lan Surface of the Glaſs a denſe Medium into Air a gare Me- 

| = from & raiſe kx perpendicular to the plain Surface ab, 
and on k, as a Centre at any diſtance ſtrike the. Arch xs 
then the Angle x& is the walt af de Ray pun fo 
a T 53 Tas Z a 16dT' - 

7 thereforet u eise of this Angle, to rothe Slut of 
Aber Gas nd refra&ted Angle from the Perpendicular as ꝙ to 4, 
the Line eker Lg the Point s, andproducedito 
the Aris at iz, ſhows the: : Yrs of the Ray in the Aur al- 
der us Emerſian from Glaſs 9 _—_—_— 5 leter-- 
„ mined in the Axis. " Jriga- 
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But this 1 Point * or the Meaſure of the Line FA K _ be 
found more — by Calculation thus. In the Trian- 
gle 4 dg Right Angled at g are giv * and dg, to find the 
Angle of Incidence dꝗg, and the 46. : Then fob J 
3 and 42-4 g= Ai. 10 . 1s nit 
Firſt then, becauſe the Ray ales at Adem eee dle, 
Ae into a denſe, it ſhall be refracted towards che Pa 
cular 4. Wherefore the Analogy” is, As 14: fo 9:43 ſo the 
Sine of the Angle of Incidence d if. (AA) wks dine 
of the refracted Angle od (that ok d). But mdq (=idh 
akid{=idk=xku: 1 X being patallela) Au this 
is the 8 he Incidence as the . Palleit tern Caf; 
Air. 
Secondly, In che lirel Right Ai led: Triangle: Ana 
Side di," e the 1  Righ rg ; * whencenhs: Side. lf: 
nay be found, chen Ah {=dg) iE! os 
| Thirdly, Becauſe at & che Ray Nr ups Denſe into @ 5 
Rare Meum,” it ſhall be refracted from the kx;. 
and the Analogy ſhall be, as g.: c v4 8 e chine of ehe 
Angle of Incidence to the Sine eee r r 
Angle x ks (=k3b, Ax, and h being Parallel 014 Jhil | 
...Fopntily, In ehe wehe Angled Trigngle-&+2; tho Side kb; . 
and all _ Ms gles are known, — —¾ | 
Fequently: f & ( Coo hep hore DiſtangediftheÞiarob Con- 
courſe rom the Pole of dhe Glals F \is dikcqwenad.: 01: uw bt 
| When the plain Side'is turnod tg che Okject, ihe NMethad us 
the ſame, only ſhorter; for Tab. 5. Fig. 1. in the Right Ang: 1. 3 fl.. 
led Triangle 4 d g, we have qd and dg to find dqg=nudx,. | 
the Aacidence, and the Side qg : 5 91 f—qg=g f. Ne, 
As 9: to 14 :: (or as 193: to 300 ::) ſo the Sine of x dx: 1 6 
_ * 
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T*4Fi.\the Sine of 5dx. But dx -u dxidu dx g. Then in 
the Right Angled. Triangle d g we have dg, and the Angles 
to find g x, And gz—gf=f x Which was to be found. i 
JJ | I of 1.70 ama d ile a | 


* „ * * * 1 Ez © = F 4 2 * . %, G 1 R Fg #5 4 $4 
y 0" ti * % \ 24} Ws . * . 14 ik N 2 * — 135.4 ® HY * i 7 
L 


A e 1 4 ; 


4 * #- at; e ; 
* * 5 : ; 
* 9 ; T 9 4 p | 
* 4171 1 1. — 4 el 13 110 2 '$ 7 — "7.3 5 25 * 45 997 7 F 7 re 4 
8 L Mp s . . 1 33 "* LS. OA * 9 C 8 
* 
* 2 F s 


* 


; r U k t r - 4 
Fa . * 7 * * I . * % 7 Ws 2 1 * : * 1 e 1 ; j - 
3144 41 0 3 eL dh. 4 5 15 43 (3 } 28 5917 Ir . 


NME 1 Ibn „ig 2 
= given Examples at large of the Calculation of the Progreſs of 1 . 
= Tb Ray.ca,-wokich I preſume is pretty truly wrought: Bur if c 
1 | perhaps any Errors do intervene; they are calily corrected. | 
By theſe Tables we may perceive, - that the Point of Con- 
oourſe & is diſtant from the Pole of the Glaſs F about a Dia- 
meter of che Convexity, but not fully ſo much. elt tb. 
l. Tis alſo to be noted in Tab. Hg. i. That the Point of 
Concourſe x, ſhall be leſs or more removed from the Pole 7, 
1 according as we give the Glaſs leſs or more thickneſs. For tis 
= manifeſt,” that the farther we let the Ray run in the Medium of 
1 Glaſs, after it enters it at d, before it emerges into Air at I, 
the farther the Pint of Concourſe x ſhall: be Foam das from 
246 f f. kor we may imagin the Medium of Glaſs continued be- 
low the Diameter of the Convexity, and then tis evident tat 
the Point of Concourſe x ſhall be much more below it. But 
it can be no more below it than a, Diameter and half. By the 
Firſt Propoſition hereof. 3.9 1916 e n e 
This our Second Propoſition is uſuall 
11 thus expreſſed and demonſtratet. 


1  -20' Parallel Rays falling un a Plano-GmuexiGlaſe, are united with 
| the Axis about the diſtance of a Diameter of the Convexity from the 
Cole f tbe Glaſs, if the Segment be but 30 Degree. 
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c 100 py | 14 2] 5 AVC Wy «a Jo noi ga PI 10 5 bi ml n wot 7 = 
| 10 21904. 34117 70] a perro 21 2 ana loch omar 
PN 700) gorbionlt 57 0 - l 27 801 Men 
"Tit for the iid cowards rhe O A. Tab Gi: Eb g. 4 = 
ABis Ray of Lighit falling on- the Gl CL: parallel En 
Axis CD. "c is the Centre of the Convexity & NL. Joyn CB; „ 
the Angle of: Incidence or laclination is BED, the Ar daf _ = 
Refraction i: is EBD br BDC :i:; { fr 
; Wherefore in the Friangle'B CD; the Angle B. 
double the Angle BDC (For by 4 
are follow'd by moſt: Mank, Bom) EY 3 
of Incidence" 215 to the Angle — ſic 28 2 1 1 
the Side BD ſhall be double. e ee les ad _ »* 
Sides or Sines under 115 Degrees 1552 * DP. 
is almoſt equal to BD! (for che I. and . 
Glaſs, in Optic Glaſſes eſpecially in Glaſſes of Leung. Fr, 
are inconſiderable), therefore _ 1s double CP. 2Wiich, 1945 = 
to be Demonſtr ated.. re] An ltr 2090720 ri} oaks Tis 111 mod I 
ils Secondly, for the Convex· ſi de wwardrthe Oz eto; 15 nan 1 
Hg. 1. ABOD:is land Cbnvex Glaſs: 7 cer © __ 


ſed it of | this ede i tho ſhew the' Angles and Progy : .. 
the Ray more Ache tho really this great Thickneſs hinders * 
Demdnſtration; i fer The Glaſt is to be 


yo 9 moſt in incorifiderable: Thickneß 
ſuppoſed of ihe 1 * Fis the Cen: 
nvexity.' K His 4 Ray falling thereon; parallel 


3 


tre of the Co 
to the Axis EG. This Ray, (after it has ſuffered! 2 Double 
Refraction, one at its Ingreſs from Air into Glaſs at H towards 
the Perpendicular H E, by vrhich it becomes the Refracted Ray 
H M, and another Refradtion at its Egreſs from Glaſs to Air 
dene from the Perpendicular P M, by Which, inſtead of going 
ward towards R, it becomes the Refracted Ray MG) ar 
8 ciroſſes the Gail c 0 m that unde Dumeter of Sean 
vexity. AEB. 091. Thocmls "1910719328 rtl bug 22 719110 Te 
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For the Incidence or Inclination of the Ray K His LH E, of 

which Angle there is taken off LH M, for the Angle of Re- 
fraction from Air to Glaſs is 4 of the Incidence (by Exper. 4.) 

Il therefore the Ray had proceeded onwards in Glaſs towards R, 
tit had croſſed! the Axis at a Diameter and half {by the forego 
ing Propoſition), but at its egreſs into Ain at M, it is again re- 
fracted from the Perpendicular P M by the Angle RM GS 
PMR. The Angle of Refraction RM G from Glaſs to Air, 
how the Incidence PMR (by Exper. 5.) But PMR is 
equal to L HM. Wherefore the firſt Angle of Incidence LHF | 

by this Double Refraction, has loſt firſt. 3 of it ſelf L M, 
aud again ; of this Third RM G: But 4 and: ; of f is equal 
to 3, Wherefore the Angle of Incidence is diminiſhed by its Half. 
1. C. Fi. 3. ＋ Let us therefore conſider the Glaſs A B, Tab. 6. Fg. 3. with - 
out reſpe& to its Thickneſs, or to the Refraction the Ray ſuf- 
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fers at its egreſs on the lowet- {ide of the Glaſs into Air. But 


ler us imägin, that by the firſt Refraction, the Ray were 
brought nigher the Perpendicular HF by half che Angle of 
Incidence LH P, and we ſhall find, that then the Ray ſhall 
croſß the Axis at G; ſo that G E ſhall be the Diameter of the 
Oonvexity. For LH G or GH F is equal to! LH FE or HFE 
the Incidence; but H F E is equal to GHE+HGF (32. 1. 
Eucl.) therefore G HF. and HGF are equal, each of them 
being # HFE, and/conſequently their oppoſite Sides H E and 
GF are equal. Wherefore G E is the Diameter of the Con- 
vexity A EB. Which was to be Demonſtratet. 
ene e emu non en $31.0 200 eee: 
V batte A 9115 Corollar 4 yd Abi lion N Te 
*& 0) dab imo. ene ant gs Hoe di ien, big oy 
la Plano-Convex Glaſſes, As 300 — 193 = 107. : Tot 
:: So Radius of the Convexity': To the refracted Ray taken 
ro its Concourſe with the Axis; which in Glaſſes of large 
— SPheres and ſmall Segments is almoſt equal to the Diſtance-of 
a the Focus taken in the Axis. Tab. 6. Fig. 1. De- 


. ; 


80 8 8 THE oy ” k , , N þ — 4s I * . 2 ee re 
12 1 x FR Ne „ 2 e os 6 ene dee ee e © tent A up FE Cir honor N * A e * x: 
s a ©, > . 9 3 N ode . 
” * bn A % P J * s K 3 
. \ : 5 . % 


4 * 4 i * 
hy 4 L ' - 
2 l 1 
_ y £ 
2 | ; | 
N 5 A . 
f - \ : 
mY ) f 8 » £ 
2 5 * 5 4 
* J * F * * 1 
& < 4 Pl g 
i Y f Y * LY I. 5 5 
4 : bo 7 
. - 7 6 8 ; 
5 & 
” b A Ml * 
bd + 
= 
9 „ b , . . 
* c A 
" ” * . n 
* . 
- pe s ny 5 
b 1 « 4 „ 
5 2 . * 4% , [5-4 & %. WF » 2 / l 
3 JJ ᷣ ͤͤͤ A 
5 5 TID on 8 nn DES fink 
ties Tha * 2 0 2 6 LE Wa „ Os ? 
y—I 1 . 1 «yl TIN {OPEN . * : . 31 2 
* — „ 
- ua 48 1 * do S. | * ; 514% . 
x 5 , oF * g . Chis £ 4 5 
. $ ry 2 bi. * + 1 . I * 3 
* — * _- o on x > . - Fl * 
* . "IR. k 4 a . . - 2 v.48 ET ©, f 
* * > og 2 1 5 . C # z 
„ eg : R $ ; 55 — . 
- * „ & + 4 
2 : b * 7 . go 
*. * N kl - * 7 2 2 N F 3 0 1 
amn « 4 - . 8 — 3 wares, 1 
* . a 55.98 3 9 tk 8 5 
„ : 8 tet * «a 3 4 
SA . 5 — 88 . 
C 3 I Fg N 1 
; * OT as bs "i *. 
a r —— 1 ot & 3 x 3 q 
: oY meu : * A i o . 3 * r 1 
T r * 62 Fe: "ul, gets 2 Je > 
"of; 4 4 5 at * 
1 * F> = 8 h » a 1 F - I 
#* * 2 * X o beth 
_ * ? . * : 
6 4 : * * 
* a . - ” YET 1 7 Th * * : N ff » 4 1 
N 3 5 5 . a a L EI | » * i 
: * a : is x4 1 
7275 . 331 8 * 3 
E + 5 A nf 4 7 5 MY ö 
3 4 2 —_ al * es N en * . K ; * o 
$45 7 5 : 8 F | . £ 
* q * 5 1 Bey? - g ; 55 - 
* Ho a) 1 3 4 
: _ — 0 8 OG i 
a | 1411 + ; _ — r g 
* : 2 . — * i 3 py : 4 he Wes 1 4 
* ; k 1 * 1 2 8 : a 
Y ESE : 4 - A < * ,.2 n N 4 4 2 3 8 N 1 25 8 
„ . 4 . =», a - y Ns, * * R hs ©, * a \ ; : J 
. 0 l * 33 8 2 3 4 : 8 8 4 * 1 9 2 
* . h . SiG 3" * 1 2 SS — x 9h - 
* 9 . * 8 1 * * "<9 6 WP" ns - 9 7 * 
. : | 5 5 Py * * 
> * - - * 4 . - = 4 n 0 a June” L a en. pl 
4 7a # 1 ** „ Fx a 8 . Wh . I 4 F * * 
4 Ke „Ar * "7 " 6 a 8 2 > : 
* " \ - 5 ack 1 5 . Way Ms « Long 7 K ES # * ; 
4 5 5 7 . . + * L 5 7 — : * p 7 4 
*. n + I bs - 5 Won * . % * ey I, : ow 5 i . : : 
2 ks * * 7 3 'y . y I 0 7 
* 2 4 2 * * Pla 1 or b ag ,— — > 2 K WS — * * 108 F 65 4 
* * N 0 1 to wY 23 I 
WT v — * 7 2 = #4 * * 
1 2 "ag 7 * * &? 1 * 3 * N . — — 4 ay 2 1 ; "0 1 
* .* . PE wa * * W * * 3 E 2 * 3 5 * 
+- N * a 4 a4 - -* 2 5 
„ 2 * . 2 — y 7 * 
: N 9 2 5 * * ; n Py * ” by - I * A * [/ 4 * — 1. **. "gh * * Py £ 
7 5 KA : 7 % * aA * \ 5G 3 * 
5 ? L * 1 ** — bY 5 2 — COT - 
2 : f 4 = - \ ; ws . 85 5 py ED : > 4 
PRO ho 5 3 i a * . | 
HER 7 * 3 ? F - S m_— * 
. ” A * - * x 2 # 
k 3 2 * » a o 1 N 3 R 20 N 8 Rs : 8 \+ 
— * 4 1 5 N 5 ; 
: 3 2 b 1 es N PU 1 5 5 * 2 4 * Bs 32 2 2 e * 
* <4 7 N " * 4 [4 _ o — 3 hat * * » 5 4 
2 * 2 ; g 2 = q = 1 & 3 % 5 Fa 2 & 
: * Ke g þ * | * 4. 1 k 
— * 1 % ” ® 5/6 Ja 4 9 RD a * 2 2 * « „ * — 
4 * * * * = Me % + 1 — — — * 8 q * * 
. 1 4 * * * «© & 
: i es . & : . VL BK 55 F * * * \ ; 


" þ Mes $4 e d : 
% -x n 0 * 4 * — 3 5 — * 2. * 3 - % 
gen a 5 as «x 2 . 5 
* 1 4 ” * 4 1 % ; 4 £ : : 4 
. . * . * . > 8 . 2 r S 2 5 2 . 
3 "ps 5 n 0 „ 1 - : : voy ? ie . 8 — 8 
—— — — 6 i Wade HIS 5 : — 2 * | 1 : : 
* 1 © dete N 2 WS 4 N — < x ” * + 4 9 
4 |: : od ee, ESI ny wth TEE > : 
. "I 8 by x ; 
2 * 4 , 
- r wi * 1 i 


4 


aff 
* 
— 


* 


A 1 r e 


H y * Ry” 
n 1 NA 3 
3 : EA. by 


iS. gras bt hes 


. 
288 12 
A recs He Doble 


3 2 3-8. i - * 2 * 5 IS — ah e * —— T 3 . # nn 2 
* po a pn ant — I, aw Hs 1 46; : 8 Ped — 2 7 . ; 
* CCC VP bo \ 2 : i N 5 . Fa ; ; 
a N * 8 $ , WE > ON Wo: » oy . <4 . x * L 7 » 1 
1 — * K 5 
j 8-4 * 13 3 ; k . — — < > * : 4 + * * 4 * } : : 
« af py * 4 : f p 
5 : 4 * . 2 . : ; : . i 
2 * : F, : "BH: ; ; : IS. 
4 Moy * 91 , g = 2 5 * * - 4 
4 4 ” 2 * 7 2 WF o - TH 5 p « >. ab þ- 
* 4 WP . 1 * 1 x ; By - 3 a 7 5 ag 1 * by. & oe 
* is OX Cake 55 n 8 : * + . 5 1 * ES 5 5 5 * 
7 8 7 
o 1 
” * * "4 4 3 — ”% ö 
i : 14 * - hed * . - A 
[2 . o þ- > N . d $5 2 a , Fa - 
7 3 b d - 0 8 8 
7 1 * ) * 5 $ - 4 7 
. > . 5 > W * — * * £ 7 5 . n * FR x * : : - 
ants * . 4 * 4 . : ; : : £5 
r 0 me ? * * * - Ms * » * * Pad 
2 2 * * 1 . 


” 
* 
* 
* 
> 
. 
. 
* 
*. 
* 
x * 
1 * 
17 
5 | 
1 . 
. 
% 
"IS 1, 
194 1 
3 
i 
* 
3 
1 
* 
= 2 
0 
| IT” 
. 
« 
* 
A 


2 
5 
1 
1 
, 
* 
0 
* 
oy 
5 
” 
x 
” 
34 


N * 
ps 
* 2 
5 £ 3 0 * * % * 8 0 N "4 
- . D A * * 
* o 5 * 4 yr A - s Kya — P 3 
5 ve — I * n x = Vs 
\ & ** 7 6 20” 5 2 L A — Fs 
I "4 4 . & 5 — _ " a 
4 +8 * * * 3 q p 2 2 32 c 3 8 % # 8 0 : F » 
» 4 p A „ ·˙ . -ůn n Rr er rey RE RT HE We 5 5 « N 8 * l 8 — > 4 
, . — , 4 . — 5 
1 : tithe! q 3 e . n n 5 F ; # 
” 2 . * * * 2 — — - , 
; ' R 1 L K 1 S * a * Os "Ret I 3 4 $ "2 P; p 2 7 
Ly * * : 5 » „„ EW 1 5 * 88 . 1 
8 2 — * 1 = F 1 5 
' 9 4 # * * 4 ww 5 * n \ * * * 
3 0 * — — Lg „ 2 - * 
p * 5 BC nr Aceh ©; 4 S. » pe „ 8 / * A 1 oy 5 = x 
— x : Y 4 8 * v x 2 * 8 OR * 8 2 . 
2 A. #d> ” < F- - 823 * : 4 
wg Fs f — 4 e Y x 5 — * 5 „„ * N 4 bs 8. * 
* * go » —_—4 — * 8 2534.7 51 5 15 2 rr - 7 7 4 1 
1 Fae? . 7 * Wo $2299 LP on: 5 FRO . — 16h 0 age aa pots — 4 8 ad 6 — - 3 
* 8 25 * — * . 5 2 3 x 257 va by "1 
> * by * < - - * + — r 1: > tc oor pt nnc age — 422 b . £ I tz p 4 
} : e Rr ge gs RS * N 8 „ * * „ „ * 1 * $ " v . F 8 r N 8 
2 8 ef, pw Ny = a 29, $20 . f bi 1 . 5 _ , mes * 7 a 2 Ry 0 1 * \; * 1 
: * . * =? r N bs | N 81 9 > A * . E — 1 $ 10 > "* : 
1 ; ; " fp: 1 « 8 — n * A . » 4 1 4 4 
; "=. ic I Th . 7 l * af ba i 8 * - 3 - * 2 {8 
gf "ib Zh 5 ; * : . 3 2 6 a N - . * 
20 © f S* % 5 . wn 
: ber * ; : * 8 aL» * he 4 . 8 * od a, > 255 * - : 
1 : . 3 * Pa C . . MY; * — * ! 
* © * c * * N » * * TY — wh” \ BS, . " ** 7 q - N „ „ . 
1 MN "a { 1 - - 5 4 * « a F 1 2 - - 8 6 | 
2 2 3 . 2 * 0 8 1 a 8 e 7 x * pon 1 2 1 1 7 ' 
N 7 * * 2 2 * 7 N 4 A , E 41 * = . d - 9 2 
* Ly : - 1 2 * p i \ FI - 
2 ie ED Bt I'm, gr 2 . * N * ; th + * 8 XL 5 ws 08 9 > 8 
1 > * 21 ” 2 £ 1 . . „ * * * * = 1 * 1 A 
1 » £52 * * 4 4 ps, * 1 4 4 r : 4 8 8 FE — 1 
i N 5 9 x p 7 K * . * * 75 * » 3 5 8 * — 3 
—— * * 1 * + doit * * 
* - * N - 2 * .* x . * 1s , 6 4 «# . 2 3 
* * 8 — 0 bs 4 rf 7 — * 7 1 * = =—_ * + » oh 
7 1 1 i " 
4 ; : 8 e 8 * 1 — : 2 4 
H Gm Ty — - * A > 74 of wo 
8 * * 8 "a 8 . 4 N 5 
5 © - . : mt : 5 
. E 4 4 5 od * 4 1 
: . ö 8 \ ; 4 4 +: . 1. ; _ 
7 ; ky * * & t\ 2 ” * 
* 8 _— þ . = 8 5 
1 * . : 4 2 * ” * 4 * 
5 * — — * 3 . 
: : . 2 : N 98 ' 
" N = Woes 
4 a . * ©. 1 0 N © > . 22 Q i * 
- * P * 6 jo £ ; * 
N . * ” — * 
I - 8 * „ - 
4 * . 1 p 5 . j 
$ 
3 bays 
* Wong > « 3 * — 
q 


97 ves x rt on 


% 
ro Mr note 


RENE 


1 wy 1 A — oy 4 1 = a * 4 =o 
3 ©, k , 2 0 3 * 4 
* 2 * 8 5 A-- 7 5 pe” „ 
* [ 8 * FED Rive T4 * 2 2 1 
n — F KS LY Ye g wah" * - 9 . 
A 7 4 . 2 * P q 4 . 1 
X * 12 of ** * Js 8 * 4 5 
+> wed 4 71 N . 2 * 5 £5.38 WT 4 N A P * 1 
— ; * 1 — n 2 | 4 P 2 — . - * | 
4 a I 0 IN +446 } 1 > 


p ' : . P * * * Py , 

7 2 | : % - * a * 5 4 1 
- —_ - 

. 9 - 2 


—— — — . WH EI * 


- ve * * . - 
: - — : = 6 > 82 0 : 1 0 
& © => Ws — cc % f N q x 
Amt * 5 2 —— 2 <= ee n . . ˙ SS S&> >= vos —— — : * 5 . 8 
5 8 S<- 000<<S><<<wennsCe on _—_— — ; Set GS „ a : 
\ + p — * 


LY ——— S eee, 
8 3 n 2 3 : 


— 2 * ” 


Si 8 * 4 
5 * 5 „ I... 2 F 
* 1 . — 25 9 220 oy £ — * * ſe * 


* — . * G * 


5 0 - ' . 4 1 - 1 4 SE oy b O . * 3 


* 
4 
« 
. 
. 
+ 
+ 


* 


reg 


— 


— ; Wc xg 5 + 
1 ; } 
* ” = — 
OY 0 * 
” 2 - IS 3 
h ; 7 4 Pe. 7 
2 7 
S * * 4 
„ 9 ; 2 1 þ a N 
= 7 * £ > 1 * „* 1. - s 
LY N. 5 - ? 
„ * 4 . + * * P 
2 # 
L 5 5 ? 


* 
** 
, 
— 
* 
5 
* 
* 
& 
5 
1 
7 
— 
d 


4 


Le nat a En 


. 


r 


1 ; 4 Y 
. ** Z 
2 TJ 3 Jos : 
„ . 4 38 175 6 wh 2 33 
a 'S GALS FL 2 7 * : SEES * ; 6.14 * A Fe 3 WH 3 ? ; * EE 3 2-348 
+ * « « z Fs _ * * 32 ** * 1 5 {2 8 8 5 * 8 * "Tg 7 3 . N . 
* # ö 


4 : 


NS For: 1k $8.2 ee ee 071 e e I 


y 5 1 1 9 5 1 F 2 8 # x > ; 
41 * * ; 8 J > . 274 A 428 # I 4.8 * 13 1 7 9 + # 1 A 8 *; ; #5 ** 


COUT * 


* 


" 15 Tbe Inclindtion=#/A BC=O BE=BCD=193 N 9 


Refracted An Angle OBD zo W eee 

 - Angle of Reffaction -EBD=BDP=OBD B 

> =300—19 3 210%. A eli 

. In the BIT 4800. cb ; Rad: =BC x 5 

(09's 1902 B. : BD=PDinG les 4 
Which Was 2 e Peg Flags be 


1 A; 
oy ; TS Aus 4 - * , » 3 
1 


Wy 


oK. I N en 
= 


. 5 | F * 1 


111 0 


hy a Double Tales 0 455 ke 5 Fig) BY. | of | 525 W 
unequal Convexities; Let the Centres of the Spherical” Sur- 

faces be k and q; cd a Ray falling parallel to the &viskqz, 

and being Refratted at its Ingreſs at d, and at its Egreſs at i; 

'Tis required to determin the Point of its Contonrſe with the 

Axis at 2, from theſe Data, the Radii k y, q w, of the 

 Canvexities, and 80 d the e f the Point 5 Incidence 

1 hd rom the Axis. 0 / 

This is ſo eaſily dong * Scale aa Compaſs from what 

foregoes, that I ſhall not inſiſt on a farther Explication there- | 

of, bur ſhall ſhew the more certain Method. of tracing the 

Progreſs of this Ray by Calculation. 
Produce cd directly t to ene, di. 00 . We have 4%, 
qu=wy'= ka woman 1503 ni 59192 1,990 IG 01 2! 23Y 
Firſt therefore in th e 9 dg, 2 d and 

44 being given, we may: ic” £4 y dg te and The ſidle 

78. Then K 43 1. e 57 3021050 3d l 

Secondly, In the Rightangled Triangle * * chere b 

_ My and g d, we may have the 4gkd=kdc, bak 

| 11 OM hirdly, 
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Thirdly, As zoo : : to 193 15 "fi 8. Hits to 8. Sets i ns 
Fourth Y» 1de—qdizzedii\fndi 80" Hr ny [to {PPE | 


Fifthly, In the Triangle k di, the Angle kd i and the Sides 


ki, Kd. xingkadwa, we lavethe Vvaglote derm. lad And the 


Anger ka Then g k doik d&ght: ol onto 7 
E her Asse to 30 1:0 $k5d2c0 S i then 


a, In 400 Ttiangle Ki by 404 all ts Angles: being 
known, we find K, from which ging. k 3, there re- 
mains-& n Which-Was requite l. 

If by this Method we calculate the Progreſs of Ra through 
a Double Convex-Glaſs of equal Convexities; and 78 Thick- 


neſs of the Glaſs be little or flothing in-cottipariſon of the Ra- 
dius of the Convexity ; and the Diſtance of the Point of Inci- 


4 __ dence from the Axis be but (mall, we ſhall. find the Point of 


Concourſe to be diſtant from the Glal __ the Radius of che 
Saulen nearly. ü u * 5 P ith ; * 4 7 
'This Our Thid Propolion.in moſt Div t 5 

uh) thus expelled, old wit warned vv Viv 


Wers is 


ties on both ſides, are united with the Axis, about the Diſtance of the 
* of the ana from 1 Pole of the ts 15 the m_ 


Buc ;their — af chit Propoſiida, are aſually; per- 
wv enough, by reaſon of the ſmallneſs and multiplicity of 
Angles, which are expreſſed: itutheit Figures, as al ah the 
Thickneſs of the Clas, whichthey are forced to tepreſent, and 

is to be neglected in their Babes den, I ſhall give as 
er Demonteaion as I can; after their Method, as follows. 
400%. 


the Centre of the Convexity p il, 4b- a Ray of Light 
duced directly to F parallel to the Axis 4 h. ab e n 155 
1 eſs _ h be is a * Line. The firſt Angle of Inclina- 
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the firſt Refraction the Ray is deflected e Are 
F and becomes bg, 2, ap hing the per endicular h h by the 7, 
Angle f bg, which i is; of the Inclination e b f. Produde g b di- 
rectly to 3, Now the Angle of Incidence on the tower Con- 
vexity b kl from Glaſs to Air is a b e bg, and the Perpen- 
dicular is 4b or be: Wherefore the Ray inſtead of going for- 
wards in b g is now, by its Emerſion into Air, refract from 
the Perpendicular b e, by the Angle gb h, which is therefore to 
be equal to: the fecond Angle of Incidence e hf E. by Exper. 35. 
and that g bb is equal ro#ebg, I thus demonſtrate; 
By the Suppoſals in the P 5 | 

0 en CC = 4 
By the Fig. — —— —|2/gb bfg 
From i and 2 — — —5 14144 ls 
Doct. Refract. Exper. 4. — 4762 =4efb 
From 3 and 4 * 52 Bi 3 ebf=1} 3. bf 
Moreover by the Scheme — 6e bg SIe - 5 ads 
4 = 2 mmm —þfbg=tebf, 
From 6 and 7 - SO tebg=3 eb f4tebf= 5 
Ehm; 3 and Fines gbh=tebg 7 
0” gi "Nl Which was to be Demanſt 
| Therefore it follows that the Ray by this ſecond Refraction 
proceeds in h h, croſling the Axis in the Centre of the Convexi- | 
ty. Which was to be demonſtrated. 

See the Demonſtrations of this Propoſit tion Kepler Dioptri. 
Prop. 39. Herigon. Prop. 1 5. Dechales Pr. 2 1. lib. 13. Hon. Faber 
Prop. 43. Sec. 8. Cherubin de Orleans la Dioptr. _ 1 2. 
Zabn Gs . Fund 2. Syntag. 1. Ca p. 4. Prop. 3. 
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. 8 in oor ufo: Bur e ſhore 1 Rule lid 7 
down, by moſt O ptick Writers, is this. 9 265 
4 the Sum of Gus Radi of both Convexities : to the Radius 8 via” 

ther convexity :: So the. double Radius of the other ay; at * 
tbe el of the Fat. Vid. Corol. Pr. 6. | 


Demonſtration. 


7. Z. Let che Axis of the Glaſs ib be g k, 4i5Rayof 
| Light Parallel thereto, g the Centre of the ere f b, h the 
Centre of the Convexity i cb, gil and h in are right Lines. The 
firſt Angle of Inclination is d in ih c, and by the firſt Reftacti- 
on the Ray is deflected into i x, croſſing the Axis in &, ſo that c 
is equal to 30h. The ſecand, Angle of Incidence from Glaſs 
to Air on the Surface Fb is the Angle Ii &: I ſay kim being 
made + of lit, the Ray croſſes the Axis in m, and it ſhall 
then be (according to che Ra 4 b: 2 8 ch: n a Which 1 
thus Demonſtrate. 
> la the Skim | 1 £ kim: £k:: * mi= fin 
© Þ, |, ge Rn... - 
Double the Antecedents * [2 Aim lit AA ZAR: mf 5 
km: in f= Inc: 5 
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1 MC: 2 MC. 
Then in . K r ſhall be4 Cg: 4 K:: iK Ac: 13. 

From 3 and 4 3 heed : Am — imc: imc 
Compound the 5th. . 6 BY WIE Am: une 8 


Double the Conlequents 7 K i: g: 17. ir * 15 "7 
Compound the 7th. a . kc 9 8 5 75 . 1 : 
That is otherwiſe Ph 30 4 27g: 4516 mc. 

Divide the Ant. by: 3.0 oK Fae: b 57 5 ch : mc. 
Mich was to be Demonſtrated.” | 

Vid. Cherabin Diopre. Ocul. pag 61, 62; Hon. Faber Synop. Opt. 

Prop. 43. Sec. 8, 9. Dechales Prop. 23, 24 Zabn Teleſcop 

Fund, 2. N. 9: Prop. 38. But 
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mens 
beds Reds Il. 880 but little erde. Dertionftration; 
if we conſider, that it holds even in double Convextsgf equal © 
Convexities; for in them, as the Sum of the Radit o bak © Ip 
Convexities: to the Radius of the Cor nyexity :: ſo the double 
Radius of the Convexity : to the Diſtance of thi Focus. And 
tis the ſame in Glaſſes of unequal Oontvexitley for theſe refract 
in the ſame Proportion to their Curvities as the other. 4 
Wherefore from theſe three foregoing Propoſitions we lay 4J 
cheſe down as General Rules, - That the Point of Convergency fn, 
Parallel Rays falling on 4 P WA Convex-Glaſs, i diſtant: about the 
Diameter of the Convexity. On à double Conve x of equal Convexities, = 
tis about the ſemi-Diameter of the Convexity. ' And on 4 Double 


Convex of unequal Cmvexitits „the mm * fadig it is what we . 
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Before F Nac it je i ere. ſite here to note, That the - 
Rays which fall nigher the Axis are not united thereto 0 fo near the Pole 
f the Glaſs, as thoſe that Fall farther from it; and the difference 
| ofthe Points of Concourle is not ſo great, when the Convex 


ſide of a Plano-Convex Glaſs is rurned to the Object, as when 
the Plain ſide is rowards the Wes ,'. 


For this obſerve Tab. 8. E. 1, 2, 3.in n each of witch the Ra- man „ 
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2, 3. . 8 4 
dius of the Convexity c v is 2 Inches, or 20000 Parts (an Inch —| 


being 10000-Parts) the Arch rr in the firſt and ſecond Fi- 

gures is a Quadrant, and conſequently the Thickels of the 

Glaſs vx in each is 5858, denn the verſed Sine of 45 to the 

| Radius 20000, But in the double Convex Eg. z the thickneſs = 

ol the Glaſs v X is of an Inch or. 800 ſuch Parts u in 

each is a Ray falling on the Clads Patallel to heats ew, lat 

che diſtance of of an: Jach'or [1000 ſudviParcsias owfis . i 
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Convex Sac is. the Objech, | | 


Fax: Proof of this, let che: Angles of lacideice. be. to 


(accordin 


to Rebler) as 3 to, Expreſſed 
ing Table; or let the Sines 


ofthe. Incidence be tõ the ofthe Eng Angles, as 300 
to 193 (according to Mr, Newton), as is expreſſed in the facet 


Column: 


of the Table. Then by the 


Calculation, delivered in the Coding thictP Pr 


{ball find as in the 


following Table. 12 
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Axis; for-a b is united to the Axis-atthe Diſtance vi, and de 


is united to the Axis at the Diſtance vb, but vi is greater than 
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con „ W e | de at the? de Dipeb IP is not ſo 
great in a Plano - Convex Glaſs, when the Convex Side is to- 


wards the Object, as in Fig. 1. Tab. 8. as when the plain Side 

is towards che C Object; as in Hg. 2. Tab. 8. for by the Table 
hi is in the former but 650, bir in che latter N tis 2691, 
that is more than four times greater. 


- Wheace I deduce this, that in Wer an Object by a Fine 5 


e Glaſs, tis beſt turning the Spherical Side to the Ob- 
ject; and lo likewiſe for burning by ſuch a nne tis lms 


2 turning) 1 Convex Side towards the Sun. 1 9 bp 
: 3 r 
Of OBLIQUE RAYS. eee AR 

Prem uſes to the Fourth Propoſition. - Wi MP 4 


Hibeno l have conſider d only the Direct Rays. 1 come 
now to the Conſideration of Oblique Rays: And for this we 
muſt have Recourſe to our foregoing 13th. and 17th. Defini-' 
tions; as alſo to the firſt and ſecond Experiments: By the 
13th Definition, we know what Oblique Rays are: And by 
the 17th Definition, we learn that in every Parcel of Oblique 
Rays, flowing from the ſame Point of an Object upon a 

Glaſs; there is one certain Ray, which may be called the 
Los, and that this Axis is as it were not at all refracted. But 


he a farther Declaration hereof, Tab. 9. Fig. 1. Let abc bes... 


a Plano-Convex Glaſs, with the Convex Side towards the 
Object, d b the Axis of the Direct Cone of Rays, eb a Ray 

of the Oblique Cone, falling on the Vertex of the Glaſs at 

I ay, this is the Axis of an Oblique Cone, and after its Double 
Re action; firſt at its Ingreſs at h, and then at its Egreſs at f, 
it becomes 7 g Parallel to e b. This is Evident, if we ima- 
gine the Ray e b to fall on the Plane Glaſs amn e; for tis 


refraced the ſame way in one Cale as in t other. Wherefore 


| Gy: ebfg, is as it were ſtrait, as e b h or X g; ſe 


E keg = 
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likewiſe we may imagine the Plane Side of this fame Glaſs ac 


and 


turn d towards the Obje&, then p bd is the Axis of the Di- 
rect Cone, and g F the Axis of an Oblique Cone. We ſee 
therefore that a Blanp Convex Glaſs, being expoſed with its 
Convex Side to the Object, the Rays that fall from the ſeveral = 
Points of the Object, whoſe Ingreſs is at the Glaſſes vertex b, 
are the Axes of the reſpective Cones. But the Plane Side be- 
ing towards the Object, the Rays from the ſeveral Points, 
which have their Egreſs at the Glaſſes vertex b, are che Axes 
of the reſpective Cones. And that amongſt the Infinite Rays 
that proceed from a Collateral Point of an Object, and form 
ie Cone, falling on the Plano-Convex Glals ; there is 
ſome one certain Ray, that falls on the. Vertex, and has its 
Ingreſs at b; Or (if the Plane Side be towards the Object) 


has its Emerſion at h, is manifeſt from this Reafon only, that 


74. 9. F i. 2. 


the Rays compounding ſuch a Cone, are ſpread over the Whole | 
ſurface of the Glaſs, and are as it were Infinite or Idefinite, 
In like manner, Tab. 9. Fig. 2. 4 le is a Double Con- 
vex of Equal Convexities, d b k p the Axis of the Direct Cone 
of Rays, e h a Ray of an Oblique Cone, which at its Ingreſs 
at h; is refracted into h f,. in ſuch manner that it makes the 


Arches bb, K F, equal; then at its egreſs it becomes fg, Pa- 


rallel again to eh, as if it had not been at all refracted 


and the Ray e h̊ is no otherwiſe refracted by the C 


» but 
had paſſed directly forward, or through a Plane Glaſs, This 
alſo will be manifeſt, if at the Point of Incidence h, and at 
che Point of Emerſion 7, we draw the Tangents mn, 07; for 
theſe Tangents are Parallel when h b and f A are equal Arches; 


vex Glaſs, 
than if it had fallen on the Plane Glaſs mnor. 
And that amongſt the Infinite Rays that proceed from, a 
Collarerab Point of an Object, and form an Oblique Cone, fal-, 
ling on the Double Convex ub c K; there is ſome one cer-: 


tain Ray, chat has its Incidence ſo, that after its Refraction at 
brad 1 N . 
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muſt betobhas 2 to 1, for 
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is Ingreſs, it may proceed {> in the Glaſs, as to eut off equl 
Arches b h, k f, may be eaſily conceived ; becauſe the whole 
ſurface of the Glaſs is occupy d by each Cone from each Point; 
that the Point 5 (for inſtance) cannot miſs'of having a- 
2 the reſt its Ray, which muſt neceſſariſy be ſo re- 
Gl. % eee en en en 015 
DP hat has been ſaid ame: "= Double Convex of Equi 
Convexities Tab. 9. Fig. 2. may be accommodated to a Dou- 


ble Convex of unequal Convexities Tab. g. Fg. 3. For as in 149 fi 
al ( 


Eg. 2. the Arches bh, & V, are to be equ e Convexities 
being Equal) ſo in Hg. 3. the Ant b, K, are to be Si- 
milar ; that is to ſay, b þ is to be as many degrees of its Cir- 
cumference, as K F is of its Circumference. Thus ſuppoſe in 
the ſame Fig. 3. The Arch a þ c to be ſtruck with a Radius 
of two Inches, and the Arch a K c to be ſtruck with the Ra- 
dius 4 Inches ; theſe Radii being to each other as 2 to 1, k f 
en they ſhall be of equal de- 
grees, each in its own reſpective Circumference, for here like 
wiſe in this third Fig. the Tangents at h and 7, run Parallel 
The Axes of all che Radious Cones, falling on a Plano- 
Convex: with its Convex Side to the Object, Croſs each other 
in the Vertex of the Convex ſurface, at their Ingreſs into the 


Glaſs, as in- Tab. 9. Fig. 1. ar ö; but if the Plaue Side be n, 


turned towards the Object, they Croſs in the Vertex of the 

Convex ſurtace at their Egreſs from the Glaſs, as in the ſame 
„ er 2 r r n 2 Pane 
The Axes of all the Radious Cones, falling on a Double 
Convex of Equal Convexities, Croſs each other in the Mid- 


dle or Centre of the Glaſſes Axis. Thus in Tab. 9. Fig, 2. 149. Ha. 


db p is the Line, which produced, would paſs through the 


Centres of the two Convex ſurfaces ; this Line I call the 4xis + 


of the Glaſs, let 5 q'be equal to 4 J, then 3 is the Point 
4D; 3 2E 1 


wherein 


"Fi 28 7 
wherein | the Axes of all the Radious Cones | c each 


other. | 
The Axes 1 all the i Cones, Kue on a | Double 

Convex of unequal Convexities, Croſs each other in a Point 

within the Glaſs in its Axis, which divides the ſaid Axis in 


the Proportion „that the Radius of one Convexity has to che 


Tag Fig Radius of t other. Tab. 9. Fig. 3. Let the Radius of the Con- 


vexity a K c be to the Radius of the Convexity a b c, as 2 to 
1. Let ö & the Axis of the Glaſs be divided in q, ſo that k 4 


may be tobqas 2to1, then 4 is the Point wherein the Axes 


of all the Radious Cones Croſs each other. 

The ſame may be underſtood of Concave Glaſſes. 

And this is ſufficient for explaining what I mean by: ns 
Axis of an Oblique Cone of Rays. 
lc come now to the Fourth Propoſi tion. 


Px OP. IV. -- 


The Parallel Rays that 8 vom each Collateral Point of 
an Object, and fall Obliquely on a 1 , are united with their Axis 
at the ſame Diſtance, as the Direct Parallel Rays are united with 
their Axis, viz. By a Plano Convex about the Diſtance of the Di- 
ameter ; by a Double Equal Convex about the Diſtance of the Ra- 


: dus, 3 and by a Double Unequal Convex, as is before determin d. 


Tab. 10, 
Fig. 1. 


| 1 have Abende propoſed the Properties of Glaſſes Proble- 
matically, to be Demonſtrated or rather traced out by a Geo- 
metrical Calculation of the Rays Progreſs. This Method, as 
tis the moſt Artificial, ſo tis the moſt Legitimate and Exact, 


and wholly New and Diſtin8 from that of other Optick Writers, 


I ſhall fl obſerve the ſame Method in this Propoſition, pro- 
poſing it Problematically thus, Tab. 10. Fig. 1. ef c is a Pla- 
no Convex Clas, with the Convex Side towards the Object. 
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Let there be given q F the Radius of tlie Convexity (as in 
the Table after the foregoing Scholium) 20000 and fg the 
Glaſſes thickneſs 5858, X fq 4 is the Axis of the Glaſs it ſelf, 
or of the Direct Cone of Rays, the Point of whoſe Concourſe 
is in a, ſo that f a (as we have found in the foregoing Pro- 
poſitions) is 341 12. Let 7 be the Axis of an Oblique Cone 
of Rays, falling on the Vertex F; and making the Angle of 
Incidence rf X (x di) of any given Quantity (as in this 
Example ſuppoſe 14. 28. 40'.) Let us ſuppoſe an other Ray 
m i: Parallel to rf, and its Point of Incidence i at ſuch a Di- 
ſtance from the Axis XF a, that being produced directly for- 
wards, it may paſs through the Centre q of the Conyexity ; 
that is to ſay, let us ſuppole & i to be equal to'z fr. Thus 
J propoſe it for. eaſe of Illuſtration, for * Calculation may 
as truly be performed by ſuppoſing the Ray m i at any other 
Diſtance, as I ſhall declare — „ 
From theſe _ given, tis required to find the Point I in 
the Axis, where the Ray mi croſſes it. For the Diſcovery 
| whereof we proceed thus. 3 9607-25 h Binh a 76) 24 
Draw i K Perpendicular to ⁊ + then in the Right-angled 
Triangle & q i, we have qt, and the Angle & q i to find 44 
and k i; then 1f e. And KA: Ki: : 48 b. 
Produce 7 to 7 then in the Right-angled Triangle f 2:p, 
we have Fg, and the Angle g'f-p=r to find the Side 
p 2; or thus, the Triangles g f p, g 4 h are Similar, then 
gq:gh:: g: g p. Say then, as 300: to 193 :: ſoS. Lo fpe 
D . aac: OT ATI 
In che Right-angled Triangle f g d, we have f g; and the 
4 g fd, to find the Side dg, then dg +2 b Ab. 
Draw ho and d x Perpendiculars to e c, ſay then, as 193: 
to 300 :: ſo S. 40% == 4b: to S. oh. Burgo'—obl= 
d hl. And go'+xdl or X fr dl. E 2 il le 
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„ Laſtly, Ino che Triangle b di, we have the two Angles 
4b a4 b aud tiie Side 5 d to find the Side 1j winch 
Was required. | 30 2X2. 513 Th 8 1 + S407. CUNANG S596. 

formed for any other Ray Parallel to 7 J, falling at any di- 
ſtance & i from the Direct Axis & 744 5 ſuppoſing with | 
former Data ( inſtead of the Angle F i) (Tab. 10. Fig. i. 
the Diſtance K i ( Tab. 10. Fig. 2.) be given, For then in 
3 T.10.Fi2. Tab. 10. Fig. 2. draw n ib Parallel to X 4, and produce 4 
| to x, then ni mr F. In the Right-angled Triangle 4 K i, 
: | having ks and q i, we get the Angle &qi=nix, and the 
ide K q. And ni x —nim=mix=tothe Angle of Incidence. 
And 12 k=f k, f x —f k=kg=ib, by which in the ſe⸗ 
veral 3 Triangles within the Glaſs, we may find the An- 
wand the Rays Incidence from Glaſs to Air, as in the immediate 
foregoing Example, and ſo onwards in like manner. 
1 I I ſhall propoſe one Caſe more in this Doctrine of Oblique 
25 1 d. afd chat is in Tab. id. Hg. 1. where the Plane Side of 
the Glaſs is turn d towards the Object. And that we 
trace a Ray in this Caſe by Calculation, and find out à pro- 
per Ray for our purpoſe, we are to work a little backwards, 
thus, J 4h the Radius of the Convexity is given 20000, 
Fg che thickneſs of the Glaſs is given 3855; And 47g 
'qg=14142: Let d f be a Ray within the Glaſs, whole In- 
grels is at d, ſo that dg .is given 1000; and its Egreſs is at 
the, Glaſſes Vertex : In the Right · angled Triangle dg f, we 
have two Sides given to find the Angle d fg. Let & 4 be 
Perpendicular o e c, and produce F d directly to x: Then lay, 
as 193: to 300 : ſo Sine of the Angle KA df g: to Sine 
4 kar. And (de- A dx x dr. | Wherefore r d is a Ray of 
Light falling on the Glaſs at d obliqueh) by the Angle &dr, 


which after its Immerſion: into the 2 onwards, 


: 4 
4 * 
7 
| * 
Y. = 
5 
; * * 
=. 3 ' 
= *. 
* 


and Emerges at the Vertex of the Glaſs f. This Ray at its 
| Emer- 
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wa I at f ſhall again run Parallel to v wid by whar fe 
| goes; wherefore the Angle IF a is do che Angle k dr. | 1 
And thus much for the backward Operation, which we - * 
have Inſtituted to find a proper Ray to werk with, that is . 
to find the n of an Ok: 10 ere Mm £1 F r in. 23 
clination. N Beide „Bun Th» s 
Loet n i be ative Ray Parallel to Wh hind 5 falling ol 
te Glaſs at i, ſo that Ci, may be given 500. Tis requi- 
red to determine the Point h Where the Ray i, aſter àa Doy- 
ble RefraRtion at its "0 at i, and at ĩts ges at h, meets 
the Axis vd fl 9285 1 $77 R 07:1 gn 
Produce vd directly to 5, and i wh and winks, i Per- 
iculat to ec; Seeing therefore that mi is Parallef e f d, 
| xeftacted part i h, ſhall be Parallel to the reftacted Part d,, 
andthe 2 (=pdf) ſhall be ae en arid" the 
ngle k de is equal to i n. Joyn f hb. inn „LN 
Then in the Right angled Triangle 42-4, we have. g 0 1 
440 dale Angle $41=q#9, and the Side 4: Bin 77 1 
$i mami 4 and ThE Ii AN abt And 4 JJ 1b 2 
. to 4ih. J v 28 3 demons ; 1 
Therefore in che Triangle 4h we have the Sides 4 1 and 
7 and the Angle ih; to find che Angl 4 band 45 Buũue 
Se equal 4% 253 mont steig wan 8 
Then inithe Iſoſ | le! 18 e Have 1 and"7 . 5 
to each other, and the An e 55 | 
and: che Angle fibrqzgft bk rot ie e 
| *"Produes'q V directly to o, 8 „To 180 26 80 885 . | 
pley hi: To Sine the A el at” pp 2 A q 1 "4 
= fl. Alſo 1 80' 4g fb bf a, And bfaplfuzb FL ff 
Laſtly, In the Triangle Fh we have f Laa alche _ 
tw. ihe eee TO -was/reqtiired.”. 1 : 5 ny 
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I shall now Demonſtrate this Propoſition the uſual Way. 
Tab. 12. Tab. 12. Hg. 15 a 8 is a Plago- A 


o:Convex, let the Plain ſurface 
ab be firſt turn d to the Object: And let the two Parallel 


Rays C J. e f. fall Obliquely on the Plane ſurface 4 6, I ſay, 


that theſe Rays. ſhall be united in 1, fo that h I ſhall be near 


7 to the Diameter, of the Conyexity, which we'll ſuppoſe: 
8X. eds b 


ot? A »h 
3 * 8 y 


Seeing the Angles e f b, c d, are equal, theſe. two Rays 
have equal Angles of Inclination, and conſequently ſhall have 


equal. Correſpondent Angles of Refraction within the Clan, 


therefore the refracted Rays dh, f g, {hall alſo be Parallel 
within the Glaſs: And becauſe from the ſame Point in the 


| 1. I 
3 that tranſmits theſe two . e, there proceed 


7 


infinite Rays, which falling on the Glaſs, and being refracted 


cherein, do occupy the whole Glaſs; dome one of theſe Rays. 


aſter its firſt Refraction, being produced backwards, ſhall paſs. 


through the Centre of the Convexity i. Let h d be this Ray 


produced directly both ways to i and I: Seeing therefore 5; d is 
Perpendicular to the ſurface ag h, at h̊ it ſuffers no Refraction 


in its * from the Glaſs. Wherefore let us conſider the 
other refracted Ray F g, and what Relraction it ſuffers at the 
Point ꝗ on its Egreſs from the Glaſs: Here the Angle of Incli- 
nation is f g i equal to the Altern g ihʒ Let us ſuppoſe the re-. 


ftacted Angle Kg , which (by Experiment V) ought to be 


; more than the lIuclination f g j=g.ib, Wherefore in the 
riangle ig h li: Ig: S. 41g is. IgA S Alig. But in 
theſe mall Angles, as the Sines, ſo. the Angles, and there- 


fore if the Angle Ig & be ; more than the Angle Ii g, the 


Side li is more than the Side Ig or | b ( for Is and 15 
are inſenſibly equal in Glafles of ſmall Segments of large 
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the Dizchobdr: bel Wings 


ed wih its Convex-Side:to: the Object, 
ralleRays:cd;eF5! fall obliq Ne ho Ay 4 
ſnall be united together belin r molt at the 
of the Diameter of the-Convexity, 7 5!) = +7 | 
_ © For amongſt the parallel Ru dug fall on ara ler us 
conceive one ef, that after its firſt Reſtaction at 7 paſſing in 
the Glaſs in t Line f h, and being produced 
paſs through the Centre of the Convexity i. 
the Medium of Glaſs: continued, we know had my two. 
Rays e, cd, would be united in K at the diſtance of 4 Dia- 
meter 1 from the Glaſs (by Prop. I.). From the point 
draw k n perpendicular to the plane e of che Glaſs: ab, 
and let the Ray uo be drawn parallel to ef, d; this Ray 
no ſhall allo, by its firſt Reftaction, be directed rowards the 
Point k and beeauſe within the Glass the Ray u mis perpens, 
dicular to tlie plain Surface ah,, it ſhall p eed unrefracted 
through ml . I ſhall now ſhew that fb by its ſecond Refra- 
ction at its egreſs at h is refracted to l. Draw h 1, and through 
h draw h p perpendicular to 4 b, The Angle of laclination 
within t e Glaſs sfhq=p bk=bkl. And 15 2 {hall prove. 
that the Angle K h I is + the Angle of 1 ph K or 12 
In che Triangle h K , 5. 4 h: Kb; : kl. (or kr, 
for they are oy equal Y but bl is Ame Gable Ker K 
therefore the Angle hx is almoſt; double h | 
be Demonſtrated. -- And therefore the pa all 
have the Point of Concourſe: at the diſtanc 55 
moſt from a Plano: Convex Glaſs. Which was 1% be 23 
Vid. L'Optique de Pierre Ango Livre 3. Sec. 69. GM. 


- Secondly i in Tab. 121 Fig: 2. Let EER GlaG «b ber curn- rar 


| Thirdly, In Tab. 13. Fig. 1. X is à douhle Convex, Cixthe T13.Fi.r, 


Centre of the 5 dan, 3 the Centre of the * 
F : I xX, 


. Wb . 


beer asd half, for now 
25 the pritie # Axis. -- 1 TA 8 n my 


| thus! prove, 


Angle of Inclination de in os Glaſs; and thetefore if dk: 


ken 


that whatever ren fall oi this Glals parallel tof the Glaks' * — 


are united chere * at the diſtance of the Focus, (, about 


the Semidiag equal Confexices)1 as fppoſe at n. Where- 
fore let seller tivoocher Rays, parallcl betwetm themſel ves, 
but oblique: to che Glaſs Axis'c % ſuch as Fg, bi; Tay theſe 
likewiſe, after a Double Reſraction do concur abons the di- 


ſtance of the Principal Pens (fer lo L call helen of the Rays 


| 7 0 to he! Glaſe's: Axis. 


there are inßune parallel mays has Git clas oblique- 
. i Surface X moſt certainly there muſt be one 

pA off oft the reſt Which ſo falls chereon, that being pro- 
_ direcely, "ſhalt paſ $chrough/ the Centre) of the Con- 
wy uh: Lec ra nn Ig tobe this Ray, ſo that fg 

is is 2 Rig Line; eee ee fo chat yl m be 
equal to double 8. 
From the Point I to c the Comee of the Convexity 3 


draw the Right Line le, and where this Line cuts the Surtace 


Thx; as im ij let the Ray hi fall parallel to fg. Tis evident, 
that by the firſt Reßactlon the xy hi ſuffers on the Convexi- 
ty X h x, it- will concur with the Ray , g in þ ar the diſtance 

7408 47l¹ ny be ene 


1 0 us fuppoſe the ineiphl . chis Glaſs ben at m. 
From the See e ſtrike the Arch # A cutting c in the Point 
* The. Ray hi ſhall be tefracted at i, but the refracted. 
Ray ir 1 5 * is p. petpendieulat to the Surface & a» by Con- 
non ſhall e u unrefracted directly to K; but the 
Bay IEA bein keftaged in the Point d Chal proceed refra- 

&ed, and 5 be united W en adde in K. Which . 


From c "RD the Line. c 4 the Angle pdy * 1 qt be 6 


be. 
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therefore: equal 20 g 


eto #, and at n ſuſfering 
cur wich che Axis c in 
ſition. In which Caſe, 3 


ſhall neceſſarily be e n c. 
of Refraction ſhall be 


ſhall be double the latter :. 


le, dk; addi: i wow 1 

he;Ray'0 eParateb: 
the firſt RefraQtion einer ate 
the Point , ſorhath.s:is a Diameter and ha 


The ſame Ray o: 
* is brou 515 
1 "Pn Focus: + Kin . 

ngle of Inelitiation in the ; oo 1 95 
which is equal to 4, and the Angle 


nmz 21 therefore the former qns 
ut I ſay, as qns is double 


of aum: :o 241 is double of 1 Frag N Which [ chus prove, 


| In de Tage nen 


Ale in Triang, 4. ig N. 


From 8 and? 3115 43 
Sines and Angles prop. 
Alternando 11 _ 
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Alternandg, icin! AW: 
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of an m:: ſo p di is double Hd ki ::Hbichnvas ta bei: Demo. 
Wote, In this Demonſtratibn we aſſume 25-and di to be e- 
al, and m #and KI co be likewiſe equal, whereas they are 


ſes ſome little difference, but in Glaſſes of ſmall Segments aud 
large Spheres, and where the Rays do not fall very obliquely, 


this Difference is ſo very inconſiderable, that in a Demoaſtra- 
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But tho the Propoſitioti expreſſes, "that the Parallel Rays 
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which proceed: from each collateral Point of an Okject, and fall 


obliquely on a Glaſs axe united with their Axis at the fame di- 


Nance, as the direct Parallel Rays; yet this is to be under- 


ſtood with ſome: L imitation: For if the Rays fall very obliquely, 

their Union with the Axis is not fo exact, but they, are ſear- 

tered and the Fecal 'Depth is very great. AS Will appear by 
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From what has been hichetto laid down relults that admirä- 


ble Appearance, and Effect of a Convex- Olaſs duly placed in 
2 {mall Hole in à Dark Chamber; Which therefore we ſhall 
here conſider, Tab. 14. F. r. AB C a diſtant Object, which 
we are now to conſider is very remote, ſo that tho the Figure, 
for want of Room in che Paper, expreſſes the Rays flowing 
from every ſingle Point, as very much diverging; yet we are 
to imagine, that the Rays ( for Inſtance) from the Point A 
run as it were Parallel to each other j the diſtance of the Object 
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Kale ee of the 1 8 Glace of the Object will be need- 
| leſs; as therein ſhall appear) G HK is a-Plano-Convex-Glaſs, 
receiving on its Surface a Cone of Rays from each ſingle Point 
of the Gbject, but here för avoiding "Confuſion in the Scheme; 
we have only " expreſſed the Cones. wil from the uppermoſt; 8 5 
middle, and lower Poitit of the Object, that is, from A, C, 
and B; and in each of theſe Cones ike have we expreſſed 
any wor Rays thin'the Axis of the Cone (as for inſtance) AH 
and the two extreme Rays of the ſame" Cone AG and-A K. 
1 therefore for the Rays that floh from the Point A. 

By what forgoes we know that the Axis of this Cone A H; 
4 ter it bas palſed the Glaſs proeteds directiy towards FP, 48 if 
it were not at all refracted.; and that the Rays A G. A K; c are 
united with this Axis in a Point (ſuppoſe at F) diltant tom 

the Glaſs about the Diameter of its Conyexity (the Glaſs, 
being a Plano-Convex ) and what is ſald of the Rays! A'i 

AK, being united wich their Axis, mult be conceived"of A 
Rays that 1 2 up che whole Cone flowing front this Gngle . 
Point A: and they are all united likewiſe wich the Axis in the 

Point F, forming another correſpondent Cone GF K, ba having its 
Baſe on the Glaſs, and its Webber, in the Point F, making the. 
Pencil of Rays FG AK F. 51043 14 191% * PAL: [11197 111 5 Tl £ 2 
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And ſo likewiſe, what is cin of che Point A; Zadie | 
my that flow- from! it, andof their being unived-rog ther in 
om che | — 


F, may be eaſily conceived- of the Rays - flowing” 
middle Point B-; and xheir being united in EF and may 
be alſo undeiſtood of che Rays flowing om G. and their 
union in D; and ſo of the Rays proceeding\ from- any/ other 
Point in the Object ABC, and their being united in a core 
reſpondent Point in EEB. And this PE D we call the 
e, A Ty of Burning Point, — 

inct. 


dh c browſe 
857 Rad ſuppoſi 
WES ee 


; 3 2 = Object moli leich OY in its crath 8 

and Colom. Tis called the Focus, or Burning Paint, ——— 
the Glaſs being expoſed to the Sun, it there te lies the Rays 

from cach Point of the Suns Body, and paints its lmage 

chere moſt vividly, exciting a violent Heat, even to che a 

Haming of combuſtible Bodies. 


But whereas in a Scholium after che Thad Propoſe, it is 
obſerved, that the Rays falling nigh the Axis are not united 


thereto:ſainear che Glals,, as the Rays that fall farther from the 


Kris.  And,conſequently-that all the Rays from one Point in 


the Gbject, do not unite in a correſpondent Point in the Di- 


ſtinct Baſe. but that (as we have noted before) the Focus has 


ny, Depth, and conſiſts not in an Indiviſible Point. Yet 


chis hindets, nt the Repreſentation in the Piſtinct Baſe to be very 


lively and exact. For tho all the Rays from each Point are 
not united in an anſwerable Point in the Image, yet there are 
A; e quantity of them. to render che Repreſentation very 
Perfect. And tho ſome Rays from other adjacent Points may 
a little intermix with thoſe from its neighbouring Fart yer 


cheſe are ſo few, that they make no great diſturbance. 


i Moreover in a Scholium following the Fourth e 


tis * 2 7 When the n of the oblique Rays is 
by oh Bees Baa t chen yok Concourſe. with chels Axis is not 


WH ular, . From hence it procecdy, that the Repreſen- 
E Diſtinft Baſe is not ſo clear and era towards 
the. Fa 2s redo the Middle. 


r. che ban, of this ſarprizing. Appearance i in a dark 


Caan, wherein there is a ſmall Hole armed with * 


VEX- 


N eee 
en ; K wilt be M if we bonſider, hat from : 
ry Point in the irverted Kepreſoation on the Paper, the Rays 
proceed to the Eye that Tooks' at it, ex in che Tie n- 
ner, as from tlie Objeck it ſelf. en s imagin che Poine 
A to: be Blue, B te be Yellow,” add © Ned, Because aH the: 
Rays flowing from A ate ſepatated by themſelves, anch fall 
in the Image on the Point F, where no other Rays itterttic 
wich them to diſturb them, chey aul needs there tepteſemt Blue, 
For paſſing through the Glass, i a Diaphanous Colour-- 
leſs Medium, does not at Maker therm (notwirh the 
Appearance of the Priſme,) and the Point F in the Paper be- 
ing ealightened only with Rays of Blue Light, and of it ſelf 
being White, itidifferent to. all Colors, or facher indeed of n‚- s 
Colour, muſt needs repreſent Blue; and ſo B Nils; and D 9 
Red. As to the Shape of 'the Object, it traſt needs be exprof-. | 
ſed exact likewiſe ; for every Phyſical: Point in the Obje 
ſending out a Cone of Rays fa Aung on tlie Glaſs, and tlleſe beb. 
ing formed into another Carrefpon defi Cone on the other fide 
the Glaſs, determining their Vertices in gent Points 
of the Image ; the Eye muſt neceſſarily perceive om the Par 
= lively Image of the Object, being it is affected in che e | 
ay by This; as by the Object lag” ' For-froth- the n 
alf the Eye receives only a Cone of Rays" frörf ech of ies 1 
Points, and ſo ir receives a Cone of Rays ſtom each Point 
in the Image on the Paper; each Point in the Image om the- 
Paper by ng enlightened by the Rays it rebel ves throaph- the 
Glaſs; and'conſcquently the Paper, being at kenpolire Surface, We. 
reflects "Theſe Rays into the Whole N ef Wande : 
Vid. Schol. OY. 72 Gregori Optic. Promot © le 
And now that Jam on us Confideration/ of this 
ance, it may not be- improper to conſider the Effect of # n 
ſmall Hole wirhout a Glaſs in a dark Ro. Tab. E. Hg. 207 1 


repreſents a dark Chamber, in whoſe fide there is a ſmall Hole 
7 
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g, f an Inch wide; e i A diſtant Object. Now; becauſe, 


the Object paſs through the Hole directly ſtrait, and repreſent 
on the Wall within, at de d, e n a faint and confuſed Image of 
the Object: Becauſe here by the narrowneſs of the Hole, the 


Rays from ſome Points are hindred from intermixing with the 
Rays from ſome other Points; as here the Rays from the Point 


Cal ſor we ſee dd do not intermix with £ f. on Bur then th e Re- 
xreſentation is confuſed; for tho ſome Rays are hereby hindred | 
r intermixing with ſome other Rays, yet other Rays from 


nigh adjoyning Points do intermix with their neighbouring 


Rays, as here the Rays from 45 and thoſe from b are blended 


together in fe, and ſo thoſe from c and b in de. And if the 


Hole be made ſo narrow as to hinder this communication of 
Rays in a great meaſure ( for tis abſolutely impoſſibte t in- 

der it altogether) then the opening admits ſo few. Rays from 

each Point, that the Image is obſeure and imperceivable. 
There is another Particular relating to this Appearance in a 
dark Chamber, which ſeems not ſo clearly treated of in thoſe 
Optick Writers which I have conſulted. Particularly Zahn in 

on 4 his Ocul. Artif. Fund. 1. Synt. 3+ Cap. 2. Sec. 8. gives no ſatisfa- 
cäory Account thereof. The Matter is thus; in Tab. 14. F.1, 
if the Image D E F in the dark Chamber be received on a Spe- 
culum or Looking Glaſs inſtead of a White Paper, the Eye 
perceives a moſt dilute and faint Image on the Speculum : But if 


the Speculum be placed any where between GK and DE P, and 


a Paper placed as far diſtant from the Speculum before it, as the 


diſtinct Baſe D E F is behind the Speculum ; then the Specu. 
lum ſhall reflect on the Paper the diſtinct Image of the Object. 


be dilute and very faint Image, which the Eye perceives 
on the Speculum in the firſt Caſe, proceeds from the Imperfect 


Politure of the Speculum ; For if it were a moſt exquiſitely 
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Roughnels, therefore it is that we have that dilute Image. 
the reaſon we have no ſuch vivid Repreſentation from a Spe- 
culum (conſidered as a perfectly poliſh d Surface) as from a 
Paper, as alſo the reaſon of the appearance in the ſecond fore: 
mentioned 1 of the Speculum, does ſo depend on the 
Doctrine of Reflection or _ that 1 ſhal 

in this place, it being manifeſt to any one meanly verſed in 
that TO, Via. 8 chol. Froh. 5 2. Gregers CO Promos. 
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of Nygh Objets, or Diverging N. = 2 E „ 
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Ve have hitherto lied the Radiating Poings of Di ant 
Ohj ects both Direct and Oblique, the Rays from each 


Poine whereof do proceed as it were Parallel. 1 code no. 


to the Conſideration of Nigh Objects or Diverging Rays, and 

for theſe let us look back on the 5th, 0; 7th, ww 117 
gth Definitions. © 

| When che Rays from each Point of an Obj je emi 46 i. 

were Parallel, we may imagin that they may be fable or eaſter 
brought together, than when they Diverge conſiderably, by 
coming from a nigh Object. And that therefore a Convex Glals 
unites the Parallel Rays nigber to it ſelf, than Diverging Rays. 


Tab. 14. Fig.3. 4b, cd are Parallel Rays s flowing from one 114 Fs. 


Point of a diftant Object, theſe are united by che Conven- Glaſs 
bd in its Focus at f. Let ö g, dg be Diverging Rays flow- 
ing from the Point g, theſe are united in che Point &, farther 
from the Glaſs than the Point .. ic 

For we may conceive (to omit the 8 en of chi 
by Geometrical Calculation), th the Pale Rays have not 
0 ws a Reluctancy to be b bade che Diy 1 


g 2 \ La 4 ning 
5 i % % 
18 + 14 L * 1 
' g : : = 


| ſmooth Siet even ** 7 — it ſelf would not ap; i 
pear. But as tis impoſſible by the Induſtry of Man to pro- 
cure ſuch, and all Miroirs partake in ſome meaſure of a gun 


pals it over 


Ts * Ms 
ing Rays; and therefore the Reſraftive Power of the Glaks has 


And confequently it perſorms the F ſooner thhnths Laer 
cor in a rn er ren Ray's 7 en: from behind che 

 Ghafs. And this the mere, according as the C Object g ap- 
proaches nigher and nigher to the Glaſs, till at laſt it be 
nigh, that the Rays, after they have paſſed the Glaſs, become 
Parallel or Diverging, nh [ ant mes _ tollowingProps- 
ficſoris. 388 | inte 


The Focus wherein the Parallel 155 of a Diſtant object 
are united, I call the Focw, ſimply without any Addition 1 
ſometimes the Abſolute Focus, or Solar Focus. 

The Focus wherein the Rays from a Nigh Object, e 5 
Diverg| Rays are united, I All the Reſpettive | ha ; 

The farcgoing Precepts, which I have given far calculating 
che Progreſs of a Ray through. a Spheri are abup; 
dantly ſufficient to find the Point of Union of Ra ys from 

Nigh Objects, or of Diverging Rays; The Dis of 4 
Object or point of Divergeacy from the Glaſs (together W dong 
| foregoing Data) being given, I ſhall not lon inlarge ther 

on, but holte chereot | ſhall give theſe to] e ark, 
nxt Matter. N 
Pro. V. 


e Corn cle, ie , N abs i DRY mare has 
than the Focus, The Rye for Determining the Diſtiatt Baſe, 


or Meſprctive Focus is This, 


4 the Difference, | 1 5 the Dip of the oline, and Few: 
I; To the Focus, or Focal 4 
So the Diſtance 15 My = om | the Glaſs : : 


| To the nb on Focus or Dis e 5 fro 
Va the Glaſs. Demon 
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not ſo much to do to bring thoſe together, as to bring theſe.” 
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| whoſe abſolute Focus we know is drow: a 
Convexity, Let s d be this Dianacter. 4 is a Radiating Point, 
f the Centre of the Oonvexity, V che Radius of ae the Con- 
vexity produced directly to . as a Ray falling on che Glas, 


produced directly to 9. Here we ſoe che Angle of laching 
tion, or Incidence of the Ray a is 14 x. 


Let it then be, tas: : 455 2 4: 44 
I ſay k is the reſpective Focus of 


the Ray ae. Wh 
Let kl be m_— 44 . 

I hall firſt Demon te, thatby| | 
virtue of the 14 Reßackie : 

which the Ray ſuffers at its en- 

trance on the Convex-Side of th 


Glaſs at e, tis directed as if it pro-| 7 
ceeded ſtrait towards l. | 
Fot to the Oon 1 2 pn de 2 
Analogy i in the firſt ep add thein WM ee 


blalts, and it wr vg — —— ids "0 IO 
| Eee we ſcen f i. cgual to thiee 41 
Semidiameters of the See 


that is, to thrice f e. 1 
The Angle of Reftaction is yell. | 
if chorefore we: prove that ye lis] | 
of ea the Ang Fj of Incidence, it 4 
wil be — that by the fuſt| | 
Refraction the Ray is on 9 00 6 e 
Waris J. op: die. e 


Segment of a 


the Angles of Incidence are all ve- 


ry ſmall, that ſo Sines and An- 


gles may be proportional. Tho 
we could not expreſs this truly 
in the Figure. 


Wherefore, for the Demonſtra-| 


tion of the forgoing Poſition, in 
the Triangle ac} it iL 
But the Angle 4 el is the Com- 


plement of the Angle ye {to 180 


Therefore the Sine of the Angle 
ael is equal to the Sine of the 
Angle yel. | E  - 

| Whereforethe 4th Step runs thus 


But in theſe {mall Angles, as 


the Sines are, ſo are the Angles. 
N herefore b the 3 th ſtands thus 
Then from 3 and 6 it follows. 


cedent on this ſide, and ſubtriple 


the Conſequent on the other ſide, 


{| — —„- TEEAA 
Moreover, in the A ae / it is 


But the Sine of the Angle ae 
is equal to the Sine of the Angle 


4a, being Complements to 1 80. 
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In order to the Proof hereof, 
we lay down theſe Suppoſitions. 
1. In the Triangle ae I we ſup-| 
poſe le and Id equal, becauſe we 
luppoſe the Glaſs of the leaſt| 
1 Thicknes | e ee and the | 
| arge Sphere. X} 9. 
28. We ſuppoſe likewiſe, thatf 
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Then in the 7 Triple the Ante-| | 11 . : 
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8 3 Lyel: 44 oy ef 


9 f: ef: : A4 ae fs a 


* 
* 


Where- : 


— the 9 may — dee. : * aten 45 
But ines ard Angles in theſe|- | © 3 2/0 5 
Plc Angles being Proportional, \ l 5 £1013 cnib 0 10 21h 1s A 
it follows from the 8th and 1 oth. : 
Steps, That 43D ada Io 11 3Zjel; 4 :: 44e: La. 


Wherefore from the Analogy in the 11th, it is evident, that 


* 


the Angle of Inclination or Incidence q edis thrice the Angle 


of Refraction yel; ſeeing three times che Angle yeh and the 


Angle qe a, bear the ſame Proportion to the ſame reer 4. 


And this was the firſt thing to be proved ; and: conſequ iy the 


Ray a e by its firſt Refraction at its Point of Incidence is di- 


" rected towards the Point! 0 tü:benod „ ονο%,⏑ü T 


| former Steps, and in the Tri- | 


1 e 15 
being Complements to 180% |  _ 1 
Therefore the 1 2th. Analogy 


: And the Angle eK F is ene 
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It remains to be — cent, Pg the Kay, at 


its Eruption on the Plain f de of the Glals | into Air, is refracted 
into e. nee 9ο⁰ 25 


For the proof * this FERN rem Parallel t to Wes 1 1 


the Angle of Incidence from Glaſs to Air ſhall be mel, the 


Angle of Refraction ek, which we ſhall prove to be half the 


Angle of Inclination meals or we ſhall I that the Angle 


m ek is thrice the Angle of Refractio Which bring Be 
monſtrated, tis certain the Ray is re racked +. it oi... 

For the Demonſtration hereof we retain, the Series of _ = 
lk: 2 4 e 1415 fr 4 
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angle le k we have it the e=ldz 


. # ” a 


3 


may ſtand thus 30 e 41 


Wherefore 14d: eres „An k: 7 


Now the Angles das as the Sines, and Ik being by Con- 


 firuction the third Part of | 4, it en from the 14h * 
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I chat the Angle Angle i: u Ned ere Where: 77 

fore the Angle [ek is the Angle of B PRE tae able wo th — 
Angle of Inclination mel. dh me h wa 4 A 
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| "Of is Rule I Thall give one them 1 

s of a Glaks be 48 locker, the Diſtance o 2 Roy 136, 
their Difference is 108. Then 408: 48 :: 156: 69:= to 
ehe reſpective Focus. 


By Ins Rule we may view, very aigh Objects With. long : 
Teleſcopes, converting them as it were into Migroſcopes, ou- 


1 iy by lengihning them. Buc-of chis more hereafter. 
Alfo from hence 1 ſhall ideduce a Method of racaſuring di- 
ſtances a at one Scation: _ 1 alſo more hereafter, Or 
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wn 19h; 12 Bein ber Focus 47 — 5, 4e 
Fon 116 Pines: rech, ter pulſer; tht Olafs become Furullei; 
1d. 14 Tak 14. F. 4. ABC S (e Placed in che Focus of the 
e Rs. Rays from each Pont ect floty upon 
b Glaſs, as here we have expreſſed theſe from the Potts 
ABC; 1 1 Fay che Rerys from each of theſe Poitits ther paſſin 
< Class 3 Parallel, thoſe from A au, ani 
bbb, from C ccc. For let us imagite diſtatit Object eo fend 
iss Parallel Ray, a a4 from its upper Point, -b H frorm its — 
Ale Point, ccc fromm its lower Point: Theſe (by Wullat fore 
ſhall be formed by the Glaſs into che diſtinct Bake A B C. Ter 
us now conceive this diſtinct Baſe, A BC, to'be made the 
Object; and the Caſe is moſt plain, that its Rays muſt needs 
* retnitted back n in in ſame manner as they were re- 
ceived 
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| ant . the diftanc Object on the fide a 475 7 that is; Pa- 


Vid. Prop. XXVII. 
ad e) wh we gin Puig > N WR een ee 00) ul 
c nds tote vw et e ee ee a8 


If an Object be PI nigher a Convex- Gl than its Focus, the 0 


frem oneh ſeigle Fon there e mb ex qe ow Glaſs, do 

1 25 diverging nay ad of ch as before- 

they entred the Gla 5 — T Ks 991 0 i | 5 

For if it be as much 35" the Oh can do, ee refractive 
Power to reduce td a Parallellſim the diverging Rays from an 
Object placed in its Focus; it muſt needs be more than it can 
do, to reduce to a Paralletiſn the Divergency of the Rays, 
from an Object placed nigher to it than irs Focus; The Di- 
vergence ein this latter (Poſture being muck grezter wn! in 
the i former,” and conſeeſuereh) not ie cafily reducel yl dhe 
refractive Power of the Ga, in Tub. N Bip prpaoig dre. s. 
Convex- Glaſs in hoe Pbeur La there is 2 laking-Poincy' oh 
from which proceed the * adm, vrhich 
with the Glaſs, inſtead of FEE Pires Fand mn, art re- 
Sed cle 64h, 40 e other]. adden 
— nigher Ns chatty ie Focus 4% wel nid 
plainly perceive the Rays bc, bd; diverge more than the 
4c 4d. Wherefore be, "bd; . mY 


| uns, to anden, ate kedscd toc $a.  413-But'e: 
diverges: but ner ld ch ad be, 10 20 e 2d M e 
o o con vb n 1 l 26 TI. FL eien "NO N 
: 2 | pen, . 142 * 

1 5 . 199.3 2 | 1 5 i oa 
ry 1.3 le wh "ne indry Roel. ik 2 1 10 Sr 
80 5275 1121 bi 32 "pi ti 0 5:7 f 9115 10 2 
in the ſhine Egk, draw x c d, dieaty to 
I al x the Imaginary Focus ; h is determined b | 


ing 8 Propoſition. 
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In Convex- a when an ObjeFt is placed nigher the Glaſs than the 
iy ey the «I * W on h Focus i is this . 
y BY yy. prence. bet 
N ah 1 8 the, Glaſſes Focus: eee Bos 0. 
JI to the 22 ſes Focus :: en 
So the diſtauce f the Object from the Glaſs: 1 501 

7. the Di iſtance of. the agi Be n the Glaſo, 


Fino i pls 0H . . ri og 2500 
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In Tab. 15. F. 1. 188 e dbe a Plano-Convex-Glaſs, whe 
abſolute Focus is a Diameter of che Convexity, let 5:d be this: 
Diameter. 54 is la radiating Point; f the Center of the Convexity: 
© Fribe=f 4) the Radius of; the . produced ro 7. 4e 4 
lli ing on che Glaſs produced directly to i. 


Ve here ſuppoſe the Thickneſs of 10 all in be iniconk- 
drable;;. phe 0, chat che Brpadth of che Glaß is ſo lirtle, 


les may be proportional! JS Neue MH $01 vi r 9 Ie 

et it then be made according tothe Rule, 464d :: ad: 4k 

i [Gy K d is the. Diſtance of the Imaginary r Focus of this Ray ae, 
after it has paſſed the Glals; That is, igſhall be reſtacted, and 


= iche Angles of Incidence; Mall be ſo ſmall, char char sines and 


Ps onwards in eh, as if it it came directly from the Point 


Ke h being a ſtrait Line. Bac 


Let kl be made = kd. 'T 1 hall firſt Demonſtrate, that 
by virtue of the firſt. Refractiog the Ray ſuffers at its En- 


trance on the Convex· Side of the Glaſs at e, tis refracted ſo as 


if it proceeded directly from I, that is to tay, tis refracted 5 


into eg, leg Weins a Right Line. 
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0 en many, ra deb 225 ae ee 


| Wherefore ray the 13th Sep tis evident that 1 
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xcrefore, we prove; chat the Angle of Relrartion i eg =/ 
of q'e.a,, we ſhew hereby, . chat by the f Reſt, ch th e 
Ray is broken as if it proceeded direct from Nn 
1 That We may rove. this, add itt N. 
foreſaid Anal ogy 1. — — 2 166 . | N 
And it ſhall ben ee 5 In 
Inverting, and Dividing, this 8e. 5 | 
cond — = ————— 3. 475 25 20 2 of 
That is by the Scheme af: 15 415 0 l. 
Moreovet in the Triangle „ \$afiefiis oF fr 4 f 
Burs £feais=s £926 ring FA bai ad 
plements to 180% — — —— —| WR ef: $Lqep;s Leaf | 
Abd rant" ſmall, Angles, Sines 952 75 Sig 1 li e ds 03 : 
and Angles being proportional, 3,30 aw 1 
the 6th ſhall be —| 74 hs CAP ab: 
Subtriple the Antecedent on this Von ie 
ſide, om triple the ae 21 {IB ads 1. 
on Locher r reer due 167 = 
Then from the 2 and 8h Steps it it bet e PORWS-; 
follow]. 91 4e: 4. Hap 
Moreover in t bs ek itis 191 le= [::54 | ea $54 
Bursdlac=5 Leaf 4 Coe: ; Herz! nl 4 
— 319 188, GE of 14515 Ya 4 af 
And Signs and Angles rn | hid e 902 
portional — 261: 41: Llea: 4 
From the i 2th and Nei Steps dis 
manifeſt chat eee Sessel 


4 is e- 


Ge {ame A 


7 00 09h 4 wa (phi 


"1911 30 Er 6 9 


{ 


ion to 
97 


5 * 
2.1217 
- 2 1 * 


Tay. "me: 


L ese 1 


1 ee af as the ache hor be u bbereag atly 
ti! Hh feſt”. HR Ws a eſe 
maten e, is feſtacte fo . . ven ke from 
61e . 1 L5252019 gi Ji 23 Hoi 

. 0 ctſtitesd Edenh rhawnhe Ray pon 
its Eruptih on the plain fide of the Glak inte n i in refricted into 
e h, au f Kren citeẽtl 8 Ke being a Right Line. 
Draw mer Parallel to the Axis If. Now the Angle of In- 
cence 2 ey oy Air is is ger=mel=eta, — The An- 
le of Refra let, which all provei te be 
if the Anglo Inchnat vn nd by Oy I fkall pre totaly 
fracted Angle mek=r e h is thriee the Angle A Reſtactiom fe K. 


Which being Demonſtrated; tis certain the Ray is reffacted 
into e h, as if it came direct from k. and conſequenrdly 1 18 
Rib. this wee thus 


the che Imaginary Focus of the A 


ge 0 
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Be hag th Which was to be. . 27 1 
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r d 9 24 


ncernin [ro oe — to cee Rays: 5 


Ri 103419! 3/1 
Hi ave { 6 Conoes-Glaſſ es ex ſed either 
te 0 rallel or ke 2 Rays. Let üs now! iT: der their 
; expoſed to —— Rays. Tab. 1 5. Fg. 1. Let he 
© a Ray of Light falling on the Convex-Glals ed, and con- 


verging 


1 tranſoribes Dechales, : and copies SOUL even A 
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gbe Nhinb U ich Aidimieiofhis 


iredtly covrards 
20 00 E «& lebgdh 
of the Olaſs being given, tis required do find u che diſtance 
| ve wich this. Ref cont :afoer paſſing thE Glaſs, : 1 0; 
7 . Woknow thatiche: Nrogreſs fa RA ech A * 
and:rhetefore; that t ayze:boxcftadttd mot inen 


pecſhall be reftacteil into n, n ec 10k „HK 
Where furt in being by Rropo VIE. avi dewda= avquizadl: hk 
— — all od idfreds WW barud 
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From which laſt Analogy this Rule ariſes, for e the 
Problem in the Coralla ry. 
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Dechales in his 8 Book: of ' Diopet Prop, 48. gives a 
Rule for ſolving this 8th Propofitien\; 180 t chexei he is FG 
moſt egregiouſly Term. ever Man was, tft d to 


Demonſtration, and 3 the — hotorious Error that 


can be imagined. , And yet he rein X wants not his Followers, 
15 Zabn in his 1 un 7018000 $ | 3 CGR, 
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beſides the chief and great! trorof the t 


ſhews' that Zahn was either very catel of elſe that he ul 
ſtood nothing o of the Matter, a5 i Fi Je 199 5 «pi Ve! t lit- 
— for he is 4 mere blind Ta De thy 
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Tab. 13. = ect : That is? an Tak 15. Ez u S hdn⁰νj dna But 
9 ſelchis ds, ſhalſ appear not only fromm his miſtaking ane 
Angle for another in his Demonſtration, but from the fallow. 
ing Examples, which I have taken the pains to calculate for 
a more ft * 5 — Illuſtration of my 
Wine b bn 8 8 5 5 1A 
ab zl o 2oliig til Elumple. - A thirty O 
| II Toy: 51 
(Plan. -Conv. co 144,00 5 ef 
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e Ri NE: 8 NF angle e ef 2 4 we have the Sade ef 
and e , to bad the Angle e o 47 49” "and its Com- 
plement to 90 fes Kir: 189, 
Then in che Right: angled Triangle e a 85 we have 4 and 
* to find the Angle and Side a e. ig 
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And 10 Cg Ln 1 35 20901 
Then as 3 :-1 :54qea: 5 Lieg=lea= O 39 jog, of Ref. 
Moreover, 2 48 2 
And ela 180—eal—lea=mel=ger=o 31 =o 
Then in the Triangle ea1, we have two Angles, lea and 
eie and the Side a e, to find the Side al. . Thus, Wal 
N "AS 's Leta=0" 31" 50"Lag.C. 4. 2.0333979726 
e eee ee 
So Ale ago 39 30 * 8. o6 39630497 


To el=6007- = —=1 7786925283 
which is ſufficiently agreeable e m Leesé but differs 
vaſtly from Dechales al = 11040. 

I now proceed to find the Side d k, which by my Rule is 
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By'Dechales, gps i I= AE Eten = ; p S 
el =12484=dl—ad_ 2 0 a 


The Thicknek of Ys cl da is 1 at lan e in- 
Suren it being the Veſed Sine of che Angle ef be 

fte therefore kd and k x equal. 3 

hen ihy reed ex x Des we find; as follows, ; 


Vie. 


+ 


Fiz £1911 1 


74 a= 1* 47 20” =Inclin 1 ; 
8le a= 0 35 40 = =Refradtion 7 Oe 


8 ge 42 l= 179 0 20 55 
i eee 1 WY . eee i 
* 1 
s) dus. \s Key 0 20 28 560 An 18 Naben i 
0 0 ahn 2 85 1 ne 11 ute bx 945 Nr 


Which 4 Ph 8566 is but 17 more = my „Rule gives it, 
which Conſidering the Inaccuracy of the Calculation of the 
Angles, being only Numero ratidy'to about 1d h 
proves my Rule ſufficiently true, and thews. Derhals 
which. makes a l= 12484. 

Moreover, By my Rule dk 5=9608, aud by⸗ Dicha * 
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Which Aidew O50 is but 58 leſ than my Rule gives os: 
and this ſmall Diſcrepancy may caſily ariſe from the Error of 
100 Seconds in the Calculation of the Angles. Bur Dechales: 
gives it 12165. 

I have choſen a Plano-Convex Clas to e this 
Rule, which holds as trüe in donble Corwestes, car} would in 
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In double Convex-Glaſſes of equal or unequal, Convexities, the 
Rays proceeding from the Diſtance of 4 Diameter of one Con- 
vexity, are united at the Diſtance of a Diameter of t'other 
Convexity. . „„ e ee 


c 
has N 32 


the Pointed: Right Line 4 ö into two Plano- Con vex Glaſſes 
ach and a db. Let the Point æ be diſtant from the Glaſs ac þ 
the Diameter of the Convexity ac b. By what foregoes, Prop. Il. 
The Rays ka, ke, X c, kp, Sc. ſhall be ſen parallel through 
the Glas acb, ſo that they ſhall become eg, cd, pq. Then 
falling Parallel on the Plano-Convex Glals à db, they are unit- 
ed thereby in f, at the diſtance of its Diameter: By the fore- 
going Doctrine. Prop. Il. 1 ee eee 


f Concave-Glaſſes. 


Hitherto we have treated of Spherical Convex Glaſſes only. 
We now proceed to the Conſideration of Concave-Glaſſes. 
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Axis is de, fg i a Ray falling thereon parallel to the Axis 
de, d is the Centre of the Arch abc. This Ray after it has 
paſſed the Glaſs at its Emerſion at g, inſtead of proceeding di- 
rectly to h, is refracted from the Perpendicular d g, and be- 
comes gk. Draw gk directly to croſs the Axis in e. I call 
the Point e the Virtual Focus, or Point of Divergence. 
ST os Concerning 
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145 F In Tab. 15. Fig. 5, 4b c is a Plano-Concaye Glaſs, whoſe 
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Concerning Concaves, there is little to be ſaid after our 
foregoing Method for Calculating the Progreſs of a Ray fall- 
ing on a Spherical Convex; for this may eaſily be accommo- 
Err niimadu ZNO Lowmhe) col Þ ut 
I ſhall therefore ſlightly paſs theſe. over, and ſhall only lay 22 
down thein Properties in brief, wich their uſual Demonſtra- N 
tions, referring to Calculation for a more accurate Scrutiny. 
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4 Ray falling parallel to the Avis from Air, on the Concave * 


Sur fate of 'a Glaſs Medium, has its Virtual Focus by its 
Nefraction at the Diſtance of a Diameter and half of the 
219 RO THIRI-09G1q UE 
Tab. 15. Fig. 4. ab A his a Glaſs Medium terminated. by 115 F. 4 
the Concave Surface ab, de a Ray of Light falling parallel 
to the Axis gc x. I ſay the Ray de, by its Refraction at the 
Point of Incidence e, is lo refracted into e h, as if it proceeded 
directly from ꝗ the diſtance of a Diameter and half of the Con- 
vetity, 2115, „ hn ei, As 
Let c be the Centre of the Concave- Arch a eb, draw ce di- 
realy to i, produce d e directly to f, and he directly to g. 
The Angle ce dei is the Angle of Inclination, the Perpen- 
dicular 1s ei. By what foregoes, the Ray paſſing from Air 
a Rare Medium into Glaſs a Denſe Medium, is refracted to- 
wards the Perpendicular by the Angle fe h, which muſt be 
of the Inclination f e i. Therefore fe h deggege is half 
bei gec. Wherefore in the Triangle e g, the Angle eg 
being double the Angle eg c, the Side cg that ſubtends.c e g, 
ſhall be double the fide ce that ſubtends gc. For we ſuppoſe 
theſe Angles to be ſo ſmall, that Sines and Angles, or Sides | 
\ and Angles are proportional, ' Whic "_—_ to be Demonſtrated. 7 | 
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In Plano Concave Glaſſes, when the Rays fall parallel to the Aris, 
5 ſttzhbe Point of Divergence or Virtual Focus is diſtant from the 
' Glaſs the Diameter of the Concavity. os hyrel 


115 Ez. Jab. 15. Fig. 5. abc is a Plano-Convex Glaſs, whoſe Ax- 
is ed, fg is a Ray of Tags ng on this Glaſs parallel to 
its Axis. This Ray after it has paſſed the Glaſs at g, is fo re- 
fracted into gk, that g & being produced directly backwards, 

it ſhall interlect the Axis in e, ſo that eb ſhall be the Dia- 
meter of the Cavity ab c. . 

Firſt, Let the plain Side be turned towards the Object, as 
in Tab. 15. Fg. 5. Becauſe the Ray falls perpendicular on the 
plain Superficies, it is not at all refracted at its Immerſion into 
the Glaſs. But at g it emerges from the Concave Side of the 

Glaſs into Air; and its Inclination is g d b (d being the Centre 
of the Cavity a bc) and 'tis now refracted from the Perpen- 
dicular dg, by the Angle bg k, which is half the Inclination 
gdb. But hgk is equal to fg e=ged. Wherefore in the 
Triangle g de, the Angle ge dis half the Angle g de, and 
Therefore Te Side g d is half the Side ge=eb in Glaſſes of 

716. Fi. Secondly, Tab. 16. Fig. 1. Let the Concave Side ec be 1 

turned to the Ray de. By the firſt Refraction the Ray ſuf- | 
fers at its Immerſion into Glaſs at e, tis refracted from e to 7, 
and directed to the Point &, ſo that c & is thrice the Semigi- 
ameter 1c (by the Xth hereof ). Through the Point f 
draw i h̊ perpendicular to the plain Side of the Glaſs, and con- 
tinue e f directly to l. The Angle of Inclination of the Ray 
within the Glaſs is bf e=if l= de A= ekc. Now the 
Ray emerging from Glaſs to Air, the ſecond refracted Ray - 
i Þ 5 = ought 
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Then $9, ſhall 15 Fl to # mc. | Wherefore 
in 22 Fun; As the' Sine of che Angle Kn, 05 
the Sine of the Angle Fe: To the Sine of de Angle TK?! 
80 FfK Tofu, aud tneglecting the Thickneſs c che Gta) 15 
80 is Kc: To nc. . Atte Angles and Sines being proportional, 
de ſhall be to nc 28 3 to 25 but K r is Thrice the Setpjdia- 
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PRO. XI. 


5 8 1. equal. Cevi, Parallel Row have their 
Virtnal Focus, or Point / Divergence PF: 180 1 100 Y the 
Radius of the Concavity. 2 + nl 0 


Luab. 16. F. 2. ab is a Concaye of NY Cie, that is, Zi,. 16. 
me the Radius of the Cavity ec, is equal to g n tbe Radius 
of the Cavity ni. Let the Ray de fall thereon paral- 
lel to the Axis Kc. This r 5 alter X has ſuffered a 
I double 
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33 RefraQtion, ſhall proceed in by ef 
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dine 5 
from m, the Centre of the e Cavity. e * 
Let c be made three times cm, draw ke; i; "By the firſt £ 


 Refraction the, Ray is propagated into e185 if it proceeded. 


from'k (by Prop. X.). From che Centre drawy the Perpen-. 
dicular 12 The Angle of fr Cans of the Ray, * 
the Glaſs is ei lig. The Ray muſt therefore at its orcs 
at i be 7 ſo chat the Angle of. deer, hil=kim 
be balf the Inclination Jig. :Wheref, I the Triangle 


kig, As the Sine of the Angle kg, or of the Complement 


to 180 viz, lig: To the Sine of the Angle at g:: So Kg 
24: Toik or nk=}3. And as the Sines, fo are the Angles, 


ſeeing they are ſuppoſed very acute: Therefore, As 4: To z:: 


80 4 e 4 * Add Kiek 20 ig we have 
big=6. Wherefore £ hig : Is to the Angle g:: As 6: 


; To 3 : : or 2 : To 1. But the Sine of the Angle * 


22 to the Sine of the Angle g i m; and conſequently in the 
Triangle inn; As Sine of the Angie Si Cm: To che Sine of 


th wel i. a g So gm To in. Therefore g m : Is to 


| $2 : Tov. So that neglecting che Thickneſs of 
* Glaſs, mi may be taken for the Radius of rhe Cavity, 


and g m is double thereto. { {Wherefore tis Demonſtrated, that 
n is the Virtual Focus. hieß was to be” Demonſtrated. * ae 
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uał to thrice o I. 


1 lay the Ray de, after a a double Refraction; 
ceed in i h, as if it came directly from g, and 


be, As F! the Aggregat 
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Diſtance of the Point of Divergence. 


By the firſt Refraction the Ray 


proceeds in ei, as if it 


came directly from k, k ei p being a Right Line Prop.). 


Then the Inclinkridi: within the Glals is 


the ſecond 


qie=p'i 115" And 


Angle of W which i sto be 


half the Angle of Inclination p il. 
Wherefore Sines and Angles being ere Fer hs | 
Thickneſs of the Glaſs neglected, we thus nan in the De- 


monſtration. 
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Let p h be made half h c, and conſequently the third Pair of 
p c. I ſay by virtue of the firſt Refraction which the Ray 
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I 15 pics placed 1 Diſtance leſs 


than the lon 
hs ann of the Di fe = from te [Porter G aſe ; 
e . from che wi: Pipi 10% to. t 


This is le a 


45.18. Eg. 1. K a Convex- Glaſs uniting the Paral- ＋ 18, Fa 18 


| 1a Rays bc, bc, in its 55 at 5 Fd is a ſhorter Convex 
uniting the Parallel Rays g/ in its "I at s. In the 
Problem, k x: the longer F 3 agch, nd s d the he ſhorter Fo- 
cal Len wh, and d x the Bites ee Glaſſes, Are given ; 
To fd 4 da, the Point wherein the Ra ys ct, (i, are united 
with the Axis by the Glaſs 7 / * OS 
By the 8th, Prob ron piling, bet * * ds of 
the Convex: Glaſs 75 7 5 
ject da being given leſs than the Focal Length d „ bo findt 
Diſtance d k 65 the Imaginary, Focus; the Rae: is, As the 81 
ference between the Diſt, nce of the Object 4a, a, Mad! 5 ocal 
Length d s, that is, ds—da=as: To ce 00 Leogrh d, | 
So A Diſtance of the Object from the Glaſs ad: : To ar Di 


ſtance of the Imaginary Focus from the Glaſs dk. of oh 15 95 


Now whereas in the 8th. Propoſition da'is given, a 


ſought ; in this Problem d a is ſought, and dk is Heer for 


d k is equal to the Difference between the Focal Length of the 
longer Glaſs Ax, and the Glaſs's Diſtance x d. 


Pouerelore by the forelaid $th, Propoſit tion, and its Corollary, 5 
it being, ds—d a=as* ds :: 4d: d it hall be 1870 


nando da: dk: d da: f ad. And Comp pounding” 
dk: dk:: WH : 4d. But in this Problem Eh Three fir 
Terms of this laſt 10 are given, andthe laſt ad required. 


Where 


os SY res- 5 e e 5 e 
ta his ox ts f 0 Cintees ſe bing viven, the 2 wy 
r Focal = 1 re, dF to determin the 


ng given, and the Diſtance. oc BR 


. 


Aer 0 this hats the elt Tan « 1 ant 
According to this Analogy: we frame this Rule for ſolving this 


Problem. 


me t e cke Focal Length of tbe ſhorter Gloſs + the Dif- 


; . ference between the Focal Lingth of the longer, 
ee; and the Glaſſes Diſt Diſtance : 
Db the Difference between the Focal ' Length of the * 
and the Glaſſes Diſtauce:: 
So the Focal Length of the ſhorter ©" "8 AR 
Hoe the e of the Diſtinct es Fon the Gi 


Example. 


be the Db Vole Length be x 155 20, the ſhorer Fo- 
cal Length ds: 8. The Giſance of the Glaſſes dx = 
Then xk—dx (=dk) Ads: d& :: ds: 4 d 


In Numb. 20—15 (=5) + 8=13 :5 :: 8: 3,07692. 


1 Scbol 1. The ſame Solution holds, if the ſhorter Glaſs be 


placed before the longer, arid the longer Glaſs at any Diſtance 


rom the ſhorter leſs than the Focal Length of the ſhorter. 


L“et the ſhorter Focal Leng be =8, the longer=20, and 
| the Glaſſes Diſtance=6; then 8—6=2 ; and the Proportion 


is 8=6+20=223: 2 :: 20:1 $182 =to the Diſtance of 
the Compound "Diſtin Baſe ( for ſo is call ic) of theſe two 
Glaſſes from che laſt and e Bak. | 


— 


Corollary. 


From hence is WITTY 7 Rule which i is before laid 1 
after our 3d Propoſition for Determining the Focus of a dou- 


ble Convex-Glaſs. The Rule is this, 4s the Sum of the Ra- 


dii of both Convexities : To the Radius of either Convexity :: So the 
double Row of t We Convexity *: To the Diſtance 1 the Focus 


For 


For Exaraple, Lee the Radius of and Oe et 
of tother g. Then 18: 8 :: 40: 11,4286. E 2 „ 
16:1 1,4286=PFocus. | Let us then conceive this double Con- g 


vex.· Glaſs to be divided into two Plano-Convex Glaſſes, form- 


ed on the ſame Spheres as the two Sides of the double Con- 
vex, viz, One on a Sphere whoſe Radius is 20; and t other 
on a Sphere whoſe Radius is 8; and theſe-rwo Glaſſes placed 
mags, each other on their plain Sides, the larger Focal 
would be 40, and the ſhorter Focal Length would be 
16, and the Diſtance of the Glaſſes would be "Nothing." Then 
by the Rule of the XVI. Prop. 164+40=56: 9775 be Y 16¹¹ 
t W To the . Focus. 2, 0708 Log 90 


. Schelm 2 | Ns 5 in | 
CARES, ITE MID iis Þ£ hs of LICE 1465.33 6613 4 

By this Propoſiion; 10 by ehelGorollatice? gh XxVE 

hereafter, _ che Eight firſt Pro ofiticns' of Dichales Senne Book je 
. Dioptricks are manifeſtly. olved. LOO ere 


ii ha 4 


dau Solution o the fone Problem: 0 el 


w 15 78 1 I 


* dme Friend, ch Than aid Maggie Mr.Jou 
FLAMSTEED, Reg. Aron. has very neatly ſolved this Pro- 
blem, and communicated the Solution thereof t to 125 as fob 


lows. 3 437+ +5» FA LI. 60 — 71 


Tab. 1 8. Ex. 2. the bob ebene Gel Glas, wboſe un Fa 5 


Focus is at 4 let ab be two Rays falling upon it parallel 
to the Axis c * which {hall therefore be collected in Ry fl let 
x fk be arother Convex· Glaſs of any different Sphere, 0 
Focus is h, its Diſtinct Baſe i hi. Tis require to find, at 
what diſtance from the Point /. the Diſtinet Baſe ſhall Be 
formed, che Glaſs nf & being placed any where tte er- 
Glaſs by, ot n X, 5 orf ee 
| Through 


— — ä —— —-— 2 — — tp Boe Kere — — 
PEP 38 27 $1 eng # + Lo 


225 r 

Du, Tu, oints o, m, u, 
dh they wy all on the e draw. en Fai ene 
parallel to che erer Ray I, cheſe repreſent this Ray fb 
Fling upon the Glaſs K plac ed at X, V, b. ge N gg 
ace. b f'x — Br Glaſs to the Diſtinct Baſe,” w 


it cuts in i, we $454 now conſider qo, rm, sn, as, — pa. 


rallel Rays proc . the ame Point of an Object infi- 
nitely di ant, R the known Properties of Gla es, hall 
be collected into the ſame. Point i of the Diſtinct Baſe with 
rhe , "wy b f. Draw therefore the Lines o i, mi, ni, interle- 
King the Axis in the Points &, R Now, becauſe the Focus 
is that Point, where the Ray falling upon the outward Glaſs 
is\by the ſecond Glaſs collected or mac 
che Axis, the Points &, ), g, ſhall. be the Foci ſought ; that is, 
f x ſhall be the Compound Focal Len 
placed in X, fy when tis placed in 
placed in p, or when both the Glaſſes touch. 
Now that we may find theſe Focal Lengths f x, f. 1 fg, 
_ draw, mA parallel to the Diſtinct Baſe i h i, 1 

the Aris fh, We ſuppoſe the Thickneſs of he Calls o 


2 litle ac poſſible, and therefore che Le repreſenting 882 


Rays, paſſing through them, are ſtrait, and not at all bent. 


eee ee the Te NN - b W are ſimilar. Alſo 


} 10 een e an ſimilar. . 
ee be 


i 170 T a, 


— $12 m fi-hi=mk. 


— 47, FY mk: mf 
5. [2 mk; mf 2 K1 fy, 
oy the We Fth it ſell 61f Fark 1 1 V wo 4 


— 75 e mi 5 


ef Now 


to converge with 


gh for the Glaſs n th K 
and f Fg when tis 5 


LE eas ea wu and . N e —c» 


3 


22155 =ki ihe ſhone oe Feuer and Y che Bier | 


of che Glaſſes; and therefore f Y=pf—p Y is Ge lon er Fo- 
cus, the Diſtance of the Glaſſes; by ; 


his Rule for ſolving the Problem, 


As the longer Focus — the Glaſſes Diſtance wy the Per 


Focus : 
To the longer Focus —the Gleſſes Diſtance :; 
So the ee Nr 6a 
** the mens wh (he de * frm t the inward OY 


37 


5 he 77 hi 8 Feen and. the 3 


between the longer and the Glaſſes Diſtance : 


Jo tbe Difference between the longer Focus and Glaſs Dita: 10 


So the ſhorter Focal Length : 
J the Di 
W wich is 
deduced from the 900 Propoſition hereof. 
I This Problem is of conſiderable Uſe in Dioptricks, , beg 
the Foundation: of 1 excellent ſort of Teleſcope much. ul 


in England for the Night. But it ſeems no Optick Writer 
has ſolved it.  Honoratus Faber has clearly omitted it. And 


Dechales, though he offers at our ſoreſaid VIII. Ae on on 


which our Solution of this Problem is founded; 


ſo enormouſly as he has done in that, he could not pets L 


to the Solution of this. And had he rightly ſolved our VIIL 


Propſition, I queſtion whether he would have puſhed it on ſo 


far as to ſolve thereby this Problem; for in the two next ſue- 


ceeding Problems, he has rightly the Propoſitions on which their 


Solurion — but leaves the abs untouch d. 
| Ss os 


is the Diſtance 
of che Diſtin& Baſe from the inward Glaſs, From all which, - 
the foregoing 6th Analogy, being reſolved into Words, gives 


Dit fs Diftinct Baſe from the invard Glaſs... 
ſame Canon With that I þ owe given, 


& . ; : 
2 71 C ' 901 * ly al- 5 tf {Af 4 + \. * Nas! a 3. . 7 ; a 
Y * „ 8 * . | * 


v 0 1. xvi. P. 10 .*ò 
4 — dung nen, with 4 Cones of « 4 love Shore; 


tze Concave being placed behind the Convex, at any Diſtaner 


lu than the Focal Length the Convex; Tis required to find 


the Place of the ee 1 Oy Os wi A * | 


kak 30 $ "wb Glaſſes, 3 
T18.F.3- This problem is ſol ved by che XV. prof * 1 8 


18. F. 3. The Convex-Glaſs x i fr fo before the Concave- 
Glaſs e, char this Convex wor 


bF, in its Focus at d, and the Rays 4d, qd, would croſs 


1, unleſs the Concave e were interpoſed. Which ro 
pa TY Tappoſed: to have its Virtual Focus at i more diſtant 


chan d the Diſtance of the Focus of the Convex x. 
MWbereforg here is a Ray 
converges towards a Point Ta nigher then Glad e dan che Vir- 
tual Focus of . 8 4 and rs be 
the Point h, * 
7 ition is this 

* w- the Beſs of the ae of the Concave more than tha. 

Point of Convergency id: 
' Th the Focus' of the Concave ie: 


57 So the Gude o- * * 7 IR Pay 
afs FLA 


£9 NOI 


Allien Hil ora e. the Pri where this Re ale the 
Hxis 


* W in our [preſerx N the theee firſt Tems of this 
Analog ate'given,' and the laſt r zuired. For the Problem 
— 4 the Focal Diſtance of the Convex, and ze che _— 

| 85 00 the Concave; and e the Diſtance of the Glaſſes! 
| 2 N 4 EE 10 che Diſtance from the Concaye Ns of 


7 the 
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f. Tab. 
unite the Parallel Rays ys &f 


incident on the Concave e, | and - 


quired to determine 
ir cro es the Axis. e 115 XV. | 


the 


3 — 


che Point 4, to n the Ray' \tonie 
(Sie de) the Excels of the Vir 


beyond the Point of Convergeney J. 


| Wherefore by the foreſaid Analogy it being, As idzie :: 
de: be. The Rule for Solving this Problem is this, 1 7510 
From the Focal Length of rp enn the! "Gloſs als 
Mark the difference, then ſay, 13 "oſt Ke 3.4 


As the Focal Length of the Gde. 4 erence: b 


oF 


To the F ocal Length of the en 2 i Ar 
%% TEE 
00 1 80 1 2 Concave,” x07 ada 


: 1 111 . 
L y 2 1 af 
V 2 A 4 * * *. "= A 4 & KF * . 4 * 4 
9 1 2 A 
. . F 4 — : 0 Rue 
1 3 + 1 2 Y #5 J Eg > 
| * YG ESTES LE A, 
| ' 


Focus "Conv . 20 Focus cony. = 14 8 
Focus Concave ie Focus Conc, 1 7 if er 
Glaſſes Diſtance gen x=10 _ .|GlaſſesDiſt.— 5 

Hence — _ = dow; 10 Diff Hence de =io Diff bete 
Then 29 i e= 60: de e 4 | 


. 
* 
* — 2 1 
—_ : p £ 
* ＋ * 4 


P * 0 . Xn. 'P x03. 13 3912.1 


This > 
1 #1 #, xs #5. od: EMT SF & 
DE I neus 


_ The Focal N al a 1 e \Cmcave-Glaſo 
- Ziven, andthe Concave placed towards the Objeck, diſtant 
the Convex, ſo that the Sum of the Concaves Focal L 
Glaſſes diſtance may be greater than the"Focal Length Ag - 

| Convex, and this diſtance" of tbe Glaſſes being given” al 
*Tis required to determin the diſtance hs = 775 j 


the Convex. £1 EST 
S | * *:. N 2 * 
7 z Z >, v4 of 2 : 2 
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This is argen byte V. — "EY. 123. 16. N 
ref „4. Let bc be a Concave, Aeg there fall the pa- oY 
rallel Rays nb, mc, which are ſo refracted by this Glaſs, that - 
— aſſing it, they proceed on in be, cf, as if they came 7 
directly from the Point a the Virtual Focus of the Concave, 
(by Prop. X. XI. XII. hereof) but in e and f meeting with the 
Convex-Glaſs, whoſe Focus is on each ſide it at s, „ the Rays 
diverge not to i and 85 bur are refradted, lo char they crols 
the Axis in K. 
We may therefore conceive theſe Rays, n not as paſſi ing chrough 
the Concave b c, but as proceeding directly from the nigh Point 
43 and then to determine the Point k, where they croſs the Axis, 
the Rule is in the Prop. V. thus, | | 
As s a the difference between the Focus s d of the Convex- 
' Glaſs e f, and the diſtance da of the Object A the * i 
Jô the Rus 8d of the (onvex.- Claſt:: 
So the diſtance d a of the Object from the Glaſs : 
To the t ance of the reſpective Focus dk. . 
Now in this Problem, the three firſt Terms of this Ana- 1 
logy ate given, and the fourth dk is required. For the um | 
of the Concaves Focal Length and the diſtance of the Glaſſes, 
that is, Xa LCdx is equal to da; and d a— the Convexs Focil 
Length that is da—sd is equal to % 0: 
herefore we ſolve the Problem by this Cine. 
| Pom the Sum of the Focus of the Concave and diſtance f the 
N Glaſſes ſabtract tbe Facus of the Convex, that is, 2 e d 
3 52. Ar this difference, then ſ , | 
A. this difference s aa Gd conte 
| To the Fc of the Convex 5: Fre ” 
Fo 1 _ Concave's Focus and Glſ dane za * 
＋dZz = | 
To the diſtance of the Focus from the Convex d k. | 
Which is required by the Problem, and is the very Ana- 
logy of our Prop. V. An 
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Theſe Two laſt Probldks! were likewi& 6 e e 60 
3 eni uſly folved by m eee — ; 
Friend Mr. J. Frans res», The: Solutions ſhall give in 
his own Words at large, as I have them in a Letter to me 
Dated from the Greenwich ene Jan. 17. 1685. as fol- 


lows. 9 25 26] abs | 
e Fir Problath ip his, 4 Onvex Glaſe being ge, wth - 
e; A larger Sphere; the Concave: being placed at any di. 
ſtancs leſs than the Focal Length of the Cndex from it, aud re- 
moter en. ths ny To 1 the Place of the Focus or Diſtinct 


14 


0 bo (Cn i et nie Nom Anm Brun) L 

The Seoind: Problem lin Hum dees Data: the Concave. 
kin placed nigher the Object; ped mis vt Diſtinẽt B FO. i 

For the Fir Problem, Tab. 19 1. Bis a Convex-Gla, ig Bu 
P irs Focus, mA a Ray of Light lng upon it 1 to its 
Axis, which will therefore converge — its * i 
a Concave-Glaſs of à larger Sphere, placed upon the Focus 
of the Convex; CP the Radius of the Sphere whereon the 
Concave is formed. And we are always to conceive the 
"Thickneſs of both theſe . of: Light i 
pierce them as ſmall as poſſibl eee 1 

Draw the Line KP, this ſhewws: the way of the Ray mk 2 
after irs Emerſion from the Convex B. Produce it both ways 
at pleaſure to t and . Then conceive the Concave & Kurt. 
any where betwixt P and B, as in #4 From which Places 
draw the Lines 40, q o, at Right tothe Ari. And 
from the Points o, o, k, wherein th erde the reſtacted 
Ray XP; draw the Lines ob, ob, 4b, falling on che Con- 
cave G in b, b, 5. From theſe Points again draw the Lines. 
br, br, br; parallel to 0 Ray AP 7 theſe” 3 | -- 
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-preſent the Ray XP falling on the Concave G placed at 4. 5 a 
and Alf hen it punches the Convex B. Let theſe then be 
conſider d as ſo many parallel Rays, proceeding from the ſame 


diſtant Point. Wherever they ſhall interſect the Axis after they 
have paſſed the Concave, there ſhall be the true Focus for both 
Glaſſez, whidh I ſhall call the Compound Focus. To find which 
we are to remember; v.60 1-76 21. rn Q 24 
That, as the Parallel Rays of Light falling on a Convex- 
Glaſs, are all collected very nearly in the ſame Point of the diſtinct 
Baſe; ſo alſo the Rays of Light falling Parallel to each other 
on 2 Condave, after they emerge from it, diverge and ſeparate, 


as if they had all proceeded from the ſame Point, which I there- 


fore call the Point of Divergency (This, in my foregoing Propoſitions, 


I term with moſt Optick Writers, the Virtual Focus) Which Point in 


a Concave- Glaſs is juſt as far diſtant from it, as the Point of 
Convergency,.or:Focus' of a Convex of the ſame Sphere or Spheres 


is diſtant from it. We know the Focal Point is ſome little nigh- 
eri the Glaſs in the Parallel Rays that fall wideſt from the Axis, 
than in thoſe: that: fall near it; ſo is the Point of Divergency for 

Conca ves. But the difference is ſo {mall in Glaſſes % 5 ge 
Sphere (ſuch as in theſe Problems we ſuppoſe) that for all Rays 


falling on the Glaſs Parallel to each other, it may be taken as 
a ſample Point. Such therefore we are to conceive it; and then to 
find this Point of Divergency, The Rule is ( Corol: Prop. XI.) 


5 300 oz io: 193 :: So CP the Radius of the Plano- 


-Concave:Glaſs: To Ph: Which in Glaſſes of a large Sphere, 
and. where che Inclination of Pb is ſmall, will be inſenſibly 


diffetern from Pg 3b g being perpendicular to the Axis. Or we 


may. determine this Point of Divergence Geometrically thus, 
On the Centre P with any Radius Pt, on the void fide of 
the Figure, ſtrike the Arch at; then make it 300: 193: : f 5: 4. 


Draw Pa, and fm C the Centre of the Concave draw C 


Parallel td aP. The Point 5, wherein it cuts the Line P & pro- 


- 
7909 84.6 
4. 


duced 


duced upwards, ſhäll be the "Dl | Diver 
Lay a Ruler over the Point h, andthe pGint 


1 o 
ere 4 


1 N. 


poſſible Compound oi. 


Then bg being perpendicular to the Axis, prod f the Lines | 


bio, till they cut it in d, d. 


Then the Trian les bP fo 0 P. 4 are ſimilar likewiſe the 
mM ("> \ £411 6 | 


Triangles | h * ; 42 b 4.4 are lar a allo. Ne ET? 


iti DO HUH Ju 1 FAY 
It will then hold 55 fab 1b Nas och: . "yy BIN . Y 
Tiangu la bP g, oPq | a 


: Dividing | bel Firſt © — f 2 bPoP:oP: A 
e een 505 J b 8 7705 


Moreover by Simil. Triang.| | 1919710} ang ; 1. 


„g, 57 — 2 LA SAEED Fl. d: 4 bel . 18 
From the 3d and 4th i it fol- F 5 fo 10 
lows - — —— 8 . 5 505 55 ppl * 25 29.4 
And Compound the Ich 6 
That Is, — . 
And Dividing the 5th 8 
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18 evil RE 
1007 008 


Bat h P=g Pb B, An 5 i7'n 1303 DlLut 


likewiſe op -= P, (the nel 

nation of KP, A i before, wy 75 f b | ld 151 wy 1 1 21 

being ſuppoſed very all ;and ie bet a0 

the Glaſ es of fmall de 1209. 5 2 o e. ob 1 
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of large 5 heres,) Wherefore 5 
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© Mherefor thy JO I Ka: the! 1 rth, 12th, and: 150 
5 reſolved into Words gives this Rule, 


A the Focus of the Concave — Focus of the Goex +6 = 1 
| the Glaſſes: , 
To the Focus of the bade apa of the Glaſſes :: 
So the Focus of the Concave: | 
To bf = to the diſtance of the Diſtinct Baſe from the Concave. | 
And this Canon of Mr. Flamſteed is the very ſame with ours in 
the preceding 17th Propefation deduced from the 1 5th bereof. 


But if the Concave be placed next the Object: Which is his 
Problem II, and our XVIIIch Propoſition, my forementioned 
Learned Friend ſolves it thus. 

Tab. 19. Fz. Dis a Dende a Convexh p the Facal Lengch 
"of the Concave, g 4 =£ q the Focal Length of the Convex. 
Let 5k be a Ray o bing into the Concave at &. From 


the Point of Divergency h, through & draw the Line & d; this 


ſhall ſhew the refracted Parh of the Ray s & after it has paſſed 


the Glaſs D. From q the Focus of the Convex E erect q b per- 


pendicular to the Axis bf; and through g draw the Line rg b 


Parallel ro k d, interſecting the diſtinct Baſe of the Convex E 


in b, through which draw 4b, continuing it till it interſect the 
Axis i in f: There ſhall be the compound; ocus or diftinct Baſe 


for theſe Glaſſes thus poſited. Draw now the Line dg at Right 


Angles to the Axis ; produce s k ill it cut d, 45 in m; and draw 


n Parallel to 4g. 


Then the Triangles h dg, hk n = 8 are ſi — 0 Alſo che 
Triangles b dn, F545 are Emile. And h Pb L= =h $.- - 


it ſhall therefore be 1\bg: 84 24 
And converting the Firſt '2 bg: 1 . ins : 
Inverting the ſecond — — | 3 |bg—gq: bg: ig dg. 
That is, by the Scheme | 4 bg—g9: bes + „ 
T en 


r 


* 


angles dn ld ad hy ly 5 dn: 4s: :nbaev's . 
1 pee 1 ee Fi. 
e 4 shes 1: = 


Focus. of the Convex —| 9 =89 5 
| Diſtance of the Claſſes— i og 
Barb Pain Few gene F 
les diff, — > —t— 14:0. = bg = bg 
Di. of che diſtin& Baſe eee 
( fromConvex— ——[12]=gf, 


From all which the 7 Analogy may be thus expreſſed i in 


words, 3 
4 the Focus 77 the Concave * the iſe f "the Glaſer 
* © op Focus of the Convex: 


© To the Focus of the Concave 46 the diſtance of th Gau: 1. 


So the Focus of the Conve: 


Jo the Diſtauce of the duni Buſs fon the ner 


Pong is the ſame Rule with har 7 ol ha aye Xe ore given 


o! 
— 


in Pr XVIII, deduced from the 5 t 
1 Bud thele two laft Propbfition e eld to che 
Conſideration of Mf. Glaſſes. 


1 8 
| MENISCUSGLASSES., 11. 10 22510 
by 375 40t ) wid gd 03 23110 


"That bs called 4 Manſon Glas, which. js. Convex: on one 


N 


— ] "Lia ated fromig Reſern 


blagce to the New Moon or Lunela; in Geek ul . 
In Meniſcus-Glaſſes either the Semidiameter ef dhe Gangs xity 


and Concavity are equal or unequal: If they are equal the Ray 


that falls thereon Paral lel to the Axis 0 after Refraction pro- 


ceeds 


Then by th ſimilar Tir]. | 3 . ba 


1 Faevs of the Concave. ; =" "rs 


4 
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ceeds again Parallel: If they are uttequal, then either the Semi- 
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diameter of the Cotivexity' is leſs than the Semidiameter"of 
the Cavity, and then the Convexity prevails, - and the Glaſs 
has a Real Focus: Or elſe the.Semidiameter of the Cavity is 


leſs than the Semidiàmeter of the Convexity, and then the Ca- 


vity prevails, and the Glaſs has: only a Virtual Focus. But of 


theſe more fully in the following Propoſitions; This Ohſerva- 


tion being premiſed, That the Focus of a Meniſcus, the Semi- 
diameter of whoſe Convexity is leſs than the Semidiameter of 


the Conca viry, and theſe two Semidiameters being given, is 


eaſily determined eee ee For in that Pro- 
poſition, two Glaſſes are given, one a Convex, and t' other a 
Donca ve, and the Focal Length of the Convex is ſhorter than 
that of the Concave. And whereas in that Prop. there is given 
a diſtance between the Glaſſes, let us conceive this Diſtance to be 
nothing, that is, let ùs imagine theſe Glaſſes to touch; and their 
Reſults a Meniſcus whoſe Focus is determined by the ſame Rule 
in ithac Prop. Which is chis, , %% .; 
A tbe Focal Length of the Concave — the Focal Length of 
the Convex + the Glaſſes Diſtance: . 
To the Focal Length of the Concave:: 


/ 


„„So the Focal Length of the Convex. — the Glaſſes Diſtance: 


ed to a Meniſcus ſhall be this, 


P) the Diſtance of the Diſtin8t Baſe from the Concave, 


* « Jn; $54 [6 

But becauſe we ſuppoſe, in the Caſe of a Meniſcus, the two 
ſides of the Glaſs to touch, that is, the diſtance of the two 
Glaſſes to be nothing (for every Meniſcus may be conceived 
divided into two Glaſſes, a Plano- Con vex, and a Plano-Con- 
cave) or the Thickneſs of the Glaſs to be inconſiderable in 
Compatiſon of the Focal Length. The foreſaide Rule apply- 
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A the Focal Lengtb of te mens Ihe! Fad Logh 

the Conve x THC 21 20 

"Th the Focal Length o 25 5 e en Ws U BL 

So the Focal Length of the Convex: ,  \\/ 200 1 

Js the Diſtance of the Focus of, the Meniſcus, 2 1 n Lacan 

Now if we have given the Semidiameters of che Convexity 
and Concavity of a Meniſcus, we have given the Focal Lengths 


of thePlano-Convex and Plano-Concave of which this Meniſcus, 


is compounded. For theſe Focal Lengths may be aſſumed the 


Doubles of the Semidiameters, wherefore Halfs being as their 
Wholes, the foreſaid Rule for finding the Focus of a "Men iſcus 
may be thus expreſſed, 
As the Difference of the Semidiamete rs "oe the roi af 
s Concavit : Par ef 
To the Sandia of the ORE Ab r 
So the Diameter of the Convexity: 1 
To the Focal Length. | 88 
Which is the Common Rule aſſigned by Optick Writers. 
But of this more fully hereafter Prop. XXIII. And tho this Rule 
in General were ſufficient for determining the Foci of Meniſcus- 
Glaſſes, yet I ſhall Inlarge more july thereon in the follow- 
ing Propoſitions. 
p KOP, XIx. 


In a Stn, if both ſpherical 8 adn Ns the * Diane 
ter, the Ray that falls thereon Parallel to the 4 32 a its 
ſecond Ae proceeds again Tack] bre. 

Tab. 20. E 1.mn is a Meniſcus, b. c the 8 of is 

Convexity ec, fa the Semidiameter of the Concavity i a, de 
a Ray of Light Parallel to the Axis kg. 1 ſay this Ray after 
a double Refraction, one at e, and t other at i, Proceeds ir in i 1 
Parallel to k 8. 


— — a — 


* 
= * 1 
” 5 _—_ 
1 3 4 4 
> 8 # 


Wr dere Kibpoſe ee of the Sun Koda tte 
in reſpect of the Semidiameter of the Sphere: on ach dis fom d = 
and therefore we wholly neglect i. 

We ſuppoſe alſo that Sies and Angie ye Sides fn cheſs 
| ſmall Ang 55 1 Prsportinäl. jo 8170191 wy 0 ; 
er 4 be ade Tepe 5 h the bs ts 
gilt regs at i Fatranice into 2 8 Ray 8 

towards g, e ig being a Right Eine; at i the Ray from 
the Clas on the Concave Stufaces a, Drive f5 l. Now rhe Angle 
of Tadination within the Gl aloft, and if the c 
reftadted intb ib, the Angle of Refraction is hig ig 
fe 5 therefore to be 2 the bmw gong. fi 5 1nd, att 0, 


8 de! ee | 
In 1 e if As of : To 1718 the Aid le 
31: To the Angle g. refs 3 therefore 
r double 2 Which was iy e er 


big eb. b XX. 

* ee PE Gennes . W * 1 | 

the Semididhiter of the Contwexicy, rhe Focdl Drugs 227 
to the Semidiameter of the Gmcovity. 5 


This! is moſt Ge if he Convex-ſtde be turned to the 
Tao. Fa, RAY, as Tah. A5. Hg. b. bi 8 a Ray paralldl co the Axis u b, 
Ae dhe Setter of the. Gdirvextty Frig, berg de che 
Semidiameter of the OW Fe Ag. The Ray, by the firſt 
Refraction it ſuffers on. the Convex Surface at i, is directed 

do concut With the Ak at 4 Diameter and än half of the 
Qonvexity, that is, in bh. But b isthe Centre of che Concavity; 
whertfore-the Ray i K Within the Glas falls perpendiciatly on 
the Ooneave Su fee FAZ and — not xt all feſta- 
Qed. by its Emerſion from the Glaſs, but procœeds Oowards 
ea in ik 1 Which was v0 be Demonſtrated. But. 
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Brut let the Concave-ſide be towards the Ray, as Taha. 

Hg. 3. fe is the Semidiameter of the Convexity ic, g A z fe rr. 
the Semidiameter of the Concavity e k, de a Ray parallel to IF 
the Aris, p d directly to m. Let Ic be made equal to 
Icy. Lhrav ges. The Angle af the 
Surface is de green (Ang. 


Point h diſtant a Diameter and half of the Concavity then draw 
he in directly. Here men=deh=ebg is the Angle of Re- 
fraction, which is therefore ; of che Inclinaction Jeg=e gk= 
den. But wee ſuppoſe, as the Angles Jo arc che Sines, and ſo 
ate the Sides. Wherefore in the Triangle e gb, ad eg he eg K: 
SLebk::eh=kb:eg, that is, Legk:Lebk::kb:eg. 
But the Angle eg k is equal ro 3 Zeb k, and therefore K h is 
equal to 3 eg, and conſequently-z þ is double eg or g X From. 
F the Centre of the Convexity draw fi p, this is en . 
to the Convex Surface jc. Whetefore dene Zbis double g X, 
and g K is triple fc or fi, b / ſhall be o pple fs (by the- 
Scheme). And the Second Angle of Incfination þ i F on the 
Convex Surface ſhall be octuple of che Angle at b, becauſe 
their Correlpondent fubtending Sides are as & to 1. But 51 
is equal to pin (Ang. ad Vert.) And becauſe at the Rays Ex 
from Glaſs to Air, the Angle of Refraction nil ought to be I 
half the Inclination pin, ſo let it be made; and then ſeeing the | 
Angle pin is octuple the Angle ar 5, its half nil hall be 
quadruple the Angle at b; from the Angle ni! ſubtract te 
Angle nim dib 4 b, chere remains che Angle mil=ilf= 7 
| 3. 40 wher efore the Angle at and eg K = e 1 x 
And chen in che Triangle | | che 4 


tu 


elg (neglacting the T;hickaelso 


Glaſs) el and eg, or cl and kg the Semidiametet at dhe Con: 
cavity are equal, Whig was tobe. Demduſtrated. 
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This is the 2 8th. Prop. of Dechales Firſt Book of Dioptricks, 
vhich he there huddles over in a moſt confuſed manner, omit- 
ting [ſeveral Steps in the Demonſtration. Zahn has the ſame in 
Fund, 2. Syntag, 1. Cap. 7. Prop. 3 2. and tranſcribes from Dechales 

not otnitting his very Eros. 
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Th A of the Case N — li 1 to 
find the Semidiameter of "the Concavity, that a Meniſcus formed with 
this Convexity and Concavity may unite the Parallel Rays at 4 
given diſtance. Vid. Barrow Lect. TIO 14 8. 102, Gr. Edi. 
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"This b Manifeſt kom T4. 23. Eg. 2. When by i appears, 728 


chat a Glaſs Sphere spc ex oſed to an Object 4b; From each 

int 4, l, of the Object there proceeds one cerain Ra acn, 
po m, which paſſes Umreftacted; » And pane Rays Crols in the- 
Centre c of the Sphere, by which means t = — 
lar to both Sides of che Sphere, at their Inge and Roc and: 
ſo 2 Wen 2 by 


Corollary 4 Pros. 5 Ho, [oe Ay. 
n. Diſtance of « an. Obieck, hd: its Danton © given _ W 
required to Repreſent. its Image in the Diſtintt Baſe e 
4 given Meajs ure; I a of the-Glgfs: _—_ 18 | 
icy e TY | 


E | This is the 32 bie nen — of. Greg o 
Promot. And is thus ſolved by our Doctrine. 


Tab. 24. Fig. 6. av b is an Object, whole Diameter, 4 bra 1 


is given, and its Diſtance from = Glaſs v d'is given alſo: 
I is required to Project this Object under a Given Meaſure m n; 
The Thickneſs of the Glaſs dd being alſo given. Let it be 
made, As 4b: Vd: mn: di. Then ſtrike che Arch c d 
with ſuch a Nadim, that the Rays flowing from the Point: v | 
may thereby be- tranſmitted Parallel within the Body of the 
Glaſs (which ſhall beb y the foregoing e 1 
vd the Radius) Afterwatds. fic e-the Arch x 4 with _ 


1 


es, that it may Unit the Parallel Ray s ati, which fall 8 


be by making 1 d i the Raditis: E Hy the Glas Xx ſhall pro- 

jeect the Image of 4 b _ the given "alin mn, This is ſo 
= . maniſeſt from Prop, IX. <r h r foregoing Docs, 
3 that it Wants mo farchet E: Ication. - 1 
3 Note. I ha ve here confider'd the onkiole Thiclawds dof he 
Glakin — to-Gregory's Propolition. But what fore: 


* 


ny the . e Se of _ pare REINA 


E bh . its 5 5 in ; the 2 1. are Ig 


ed vr {0 « Prop VI. 
133. F.. Tab. 22. Fg. 1. 4 he being an Objet, gh the Convex 
"0 k m Repreſenting the 5 thereof in the Diſtinct Baſe 
Let us now coHeive ef g an Objekt, I fay the ſame 
= das km the ſane way poſited: ſhall nen weg there- 
= of in the Diſtinct Baſe at a ü.. 0 
This does neceſſarily follow from the precedens\ Propols 
tion, and from nt. 8. And ene needs no farther De- 
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diem it follows that: ew RYE - hp Dita Baſe f Sur 
be ſometimes larger than the Obſect. On which de dsthe 
Doctrine of the double Mecroftopes e as -horeaſter ſhall appear 
more fully. iy 
Let us beds bags the Sui: grojectell in che; Nn 
5 a Convex· glaſs, And let us now ed Conveyſe, vid. 


That this Image were now che Real Sun, the Diſtinet Baſe 
| | * 
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6 of: 
the Eye, bos dhd irh al. its Coars and Humors' But in this TY 


Figure we have only expreſſed the Cryſtalline Humour gb, 
as being Prinelpally- concem d in | Forming the Image on'the 


Fund dn Bye ee Ji ee cameo ec) 


(i) From eachPoine inche Object we m Conzhlve : 
flowing on the Pupil of the Eye i k z as — the m Raye 
Point b, there proceed the Rays 5g, bo, bþ; Theſb by by 
means of the Coats and Humours hw Eye, and elpecially i 
by the Chryſtalline Humour rg h are refracted and brought to- 
gether on Is Retina or Fulid of the Eye in the Point e, and 
there the Point b is repreſented. 'For'we may conceive” the Cry. 
ſtalline Hamour g h as it were a Convex- glaſs; in the Hole 
of a Dark Chamber il R, and that de F is che Diſtinct Baſe 
of this Glaſs. What is hete faid of ithe'Poine b, and its Re- 
preſentation at e, may be underſto. 


in the He as of a and e arid their r ee ag f* 


and :&. * 0; i b Sei SOARES 1. ; "Lbs Þ-- 
(2) And ax in x dark hagbes that hin 4 Hole furnichd! 


wich a Convex:-glafs, un the Paper; that is to receive che Image 
in the Diſtinct Bale, be either Higher to, or farther from che 
Glaſs, than its due distance, the Repreſentation thereon is een 
fuſed; For then che Radios Pencils do not exactly determine 
with their Apices on the Paper / But cee from one Point are 
mixt nd confuſed with thole frgm the Adj jaceat Points: ſo in 
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dhe Caſe of Plain Viſion, tis requiſite that the Pehoils ſhould. 
exactly determine their Apices at d, e, f, on the Retina, or elſe 


Viſion is not Diſtinct. 


Tis therefore contrived by the Moſt Wiſe and Onnipotent Fre ; 


mer of the Eye, That it ſhould have a Power of adapting it 


ſelf in ſome Meaſure to Nigh and Diſtant Objects. For they 


require different Conformations of the Eye; Becauſe the Rays 


proceeding from the Luminous Points of Nigh Objects do more 


Diverge, than thoſe from more Remote Objects. 


But whether this variety of Conformation conſiſt in the Cry- 


ſtallines approaching nigher to, or removing farther from the 
Retina; Or in the Cryſtallines aſſuming a different Convexity, 
| ſometimes greater, ſometimes leſs, according as is requiſite, [ 


leave to the ſcrutiny of others, and particularly of the curious 


Anatomiſt. This only I can ſay, that either of theſe Methods 


will ſerve to explain the various Phænomena of the Eye; And 


Iam apt to believe, that both theſe may attend each other, vix. 
a Leſs Convex Cryſtalline requires an Elongation of the Eye, 
and a more Convex Cryſtalline requires a thortning thereof; 


As a more Flat Convex · Object. glaſs or of a Larger Sphere re- 
ires a Longer Tube, and one more Protuberant, bulging or 
of a ſmaller Sphere requires a ſhorter Tube. 
(4) By the foremention d Scheme we perceive, the Rays 
from each Point of the Object are all cooled together on t 
Pupil in g h, ſo that the Eye is placed in the Point of the 


Breateſt Confuſion : But by means of the Humors and Coats 
thereof each Cone of Rays is ſeparated, and brought by it 


ſelf to determine in its Nr Point on the Retina, there 
Painting diſtinctly che Vivid Repreſentation of the Object; 


Which Repreſentation is there perceived by the /enfitive Soul 


(whatever it be) the manner of whoſe Actions and Paſſions, 


He only knows who Created and Preſerves it, Whoſe Ways are 
COT | "Paſt 
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(% We are likewiſe to obſerve, that the Repreſentation. of 
the Object 4 ÿ c on the Fund of the Eye fe d is Inverted. . For 
ſo likewiſe it is on the Paper in a dark Room; there being 


no other 10 for the Radious Cones to enter the Eye or the 


dark Chamber, but by their Axes 4 o, ho, c 0, croſſing in 
the Pole o of the Cryſtalline or Glaſs. And here it may be 
enquired ; How then comes it to pals that the Eye fees the Ob- 

ject Erect ? But this Quæry ſeems. to encroach too nigh the en- 


quiry into the manner of the Viſive Faculties Perception; for 
tis not properly the Eye that ſees, it is only the Organ ot In- 


ſtrument, cis the Soul that ſees by means of the Eye. of To em 


quire then, how it comes to pals, that the Soul perceives the? 
Object Erect by means of an Inverted Image, is to enquire in 
to the Souls Faculties; which is not the proper ſubject of this 
Diſcourſe. But yet that in this Matter we may offer at ſom- 


thing, I ſay, Ere& and Inverted are only Terms of Relation to 


Up and Down, or Farther from and Nigber to the Centre of 
the Earth, in parts of the ſame thing: And that that is an 
Erect Object, makes an Inverted Image in the Eye, and an In- 


verted Object makes an Hect Image; That is, that part of; 
the Object which is fartheſt frem the Centre of the Earth is 
Painted on a Part of the Eye Nigher the Centre of the Eatth, 
than the other parts of the Image. But the Eye or Viſive Fa- 
culty takes no Notice of the Internal Poſture of its own Patts, 


but uſes them as an Inſtrument only, contrived by Nature for 
5 3 1 1 FOE 


11 


the Exerciſe of ſuch a Faculty. 


But to come yet a little nigher this difficulty; This enquir 


reſults briefly to no more than this, How comes it to pals, that 


the Eye receiving the Repreſentation of a Part of an Object on 
that part of its Fund which is Lowermoſt or nigheſt the Centre 


\ 


of the Earth, perceives that part of the Object as Upper- 
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CEE FREY 7 % òṼ7˙¹ö̃ ae 77 3 e WG R 8 ä 11 2 e LE F r 2 £ 
LE * = . * 4 n F rn da Kh it MES i Tet” A MN SEN MA 932 4 ²˙ 2. 7 tA B I RET 7 LY 

z eee F "2 N 1 S K - Rk Ws 7 I * EPR, RS. 9 1 3 . 5 f 7 ES TIN TP" 2 2 3 2 9 
25 : N 42988 5 * p 75 

« V 3 £ 3 ip 3 . 5 A * 3 \. 999 1 
WIE 8 3 : * 8 . 5 2 bf 


* 8 9 2 pee 5 171 N = * * 
* 8 ERS Cakes. eg 
CES 9 2 * . 2 
: . 2 
4 Be OA 
* S08 
4 . 
n 13 
. 
: 1 
o ! - 92 1 
% 4 ; 
. 


- ; Lot af bo et Lok #& " Wenne SO INTO Fe * R 
N N Wa; * Na TEES 7557 Re: * emen 3 N 9 n weed 'Y 
WWW P r 1 . * c N 7 

88 r 8 3 TY W th AS. Er Cs LIED 2 n COOL IF 3-2 pes 8 

En. TOTS. ET EN EY r 0 Y- 8 1 * N 25 5 4 8 - NN "46-087; 19 3 F Shs 
N 9 n l * IN . 2 5 i FS 4 Na, 3 e 8 "LENS 9 N 
. N * x . >» 4 A e CON 2. * Fx" FEE BR 7 k © > Opt n 
WY, * 3 E . 5 2 Ni- * * « : a 
3 £ : 2 ws 1 8 - „ 
. 5 ' y * 9 * N % 4 
D * . . * 
1 p * x $ - * 4 . 
* - — by j 

51 4 9 1 : * : _ + z * 

* * BY A " * 

Be. g % 1 ES. K q ; 

A 4 - — 
: .  - 
K * 4 
* 1 5 
ö — 
» - * 


£ 


woſF or fartheſt from the Centre of the Earth? And in 
anſwer to this, let us imagine, that the Eye in the Point f 

receives an Impulſe or Stroke by the Protruſion forwards 
of the Luminous Axis ao f, from the Point of the Ob- 
ject a Muſt not the Vifive Faculty be neceſſarily directed 


ern ſtroke, as coming from the Top a, ra- 
ther 


| an from the bottom c, and conſequently ſhould be dire. 
&ed to conclude f the Repreſentation of the Top? 955 
Hereof we may be ſatisfy d by fuppoſing a Man ſtanding on 
his Head: For here, tho the Upper Parts of Objects are painted 
on the Upper Parts of the Eye, yet the Objects are judged to 
be Ered. And from this Poſture of a Man, the Reaſon ap- 


pears, why we have uſed the Words Fartheſt from, and Nigbeſt 
to the Centre of the Earth, rather than Iipper and Lower. For in 


this Poſture, becauſe the Upper Parts of the Object are painted 


on that part of the Eye nigheſt the Earth, (though really the 


judging the Object Erect; it follows that when the Image of 


Taz. F. l. 


upper Part of the Eye) they are judged to be fartheſt removed 
V 5 or A PII ets on 
What is ſaid of Exect and Reverſe may be underſtood of Si- 
niſter and Dexter: But of theſe Phyſical Conjectures enough. 
- (5) The Image of an. Erect Object being Repreſented on 
the Fund of the Eye Iwerted, and yet the ſenſitive Faculty 


an Erect Object is Painted on the Fund of the Eye Erect, the 
ſenſe Judges that Object to be Inverted; | 38 
This is a neceflary Concluſion, and is of conſequence for 
explaining ſome Particulars that follow. . 
(6) The Magnitude of an Object is Eſtimated by the Angle 
the Object ſubtends before the Eye: Thus in the ſame fore- 
mention d Tab. 25. Fig. 1. the Length of the Object ac 
je g by the Angle a0 = o d, this we call The Optick 
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From hence, & from Prop. XXVLXXVII it follows,thatif the. 
. Eye were placed inſtead of the Glaſs at d (I-22. Ei and a he or r E 
4 g were Objects, the Eye would perceive themof.EqualBignels. 

I know very well the Point o, which is the Vertex of the Op- 
tick Angle, is variouſly aligned by various Authors; ſome pla. 
cing it in the Centre of the Eye; Others in the Vertex of the 
Cryſtalline ; Others in the Vertex of the outward Coat or Cor- 

nea of the Eye: But tis a Matter of no great conſequence where- 
ever we place it; for according to the Bignels of this Angle a o c, 
the Image on the Fund of the Eye is Bigger or Leſs. Vid. Tacquet 
Optics, Lib. 1. Def. 4 and N );ööm 
I know likewiſe, that by a curious Experiment in Optickæ 
di ſcover d by an Ingenious French- Man Monſieur Mariotte, tis 
controverted, whether the Retina or Choraide be the Seat of Vis _ 
ſion, or the Place on which the Pictures of outward Objects 
are expreſſed (vid. Philoſoph. Tranſat. Num. 35. and 59.) But 
to our buſineſs it matters not which of them we pitch on; 


and therefore I chuſe to ſpeak as commonly tis e 
mention the Retina, or rather the Fund of the He, as the Place 


that receives this Picture. 


(v) In the ſame (Tab. 25. Fg. 1.) We K the Rays T5. 
that flow from the Point h do proceed to the Eye Piverging, 
! pa . S iir I „. a 
as bg, bo, b h; And if the Object ac. were infinitely, diſtant 


from the Eye, or ſo diſtant from the Eye, that the Breadth of 
the Pupil i k were inſenſible in Compariſon to this Diſtance, 
then the Rays bg, bo, bh, would proceed aß it were Parallel, 
Of ig ont 7 x 8 inne 1 ve. & ku file FIL527 { H\4 SHIT : k @37 2 
and fo fall on the Eye: In both which Caſes, :by mera pf the » 
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Refractions in the Eye, they are brought together, ahd paint the 
Image of the Point þ on the Fund of the Eye at e. Vid. Gregori 
Opt. Prom. Pr. 30. 83 1 Ba 95 ny” i : — A 
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© Bncin Tab. 25, Fig. 2. If the Diyerging Rays $4, bx, thayTaz Fe 
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a 
x 
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flow from the Point ö, meet the Convex Glaſs 2. J, aud ate 
thereby made to conyerge as vi, x k, and fo fall on the Eye, 
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aud there palfing through the Cryftalline' g b, are made to 


. 


Converge yer more as ir, K e; Here they croſs in the Point e, 
before they reach the Retina vt, and conſequently do paint 


thereon. the Image of the Point h confuſedly, for tis Painted 


on the ſpace yt; whereas to cauſe diſtinct Viſion, it fhould 


only be painted on a correſpondent Point on the Retina. = 
And this is the Fault of their Eyes, who are called Mhopes, 
Purblmd, or Short-fighted. For in them the Cryſtalline is too 


| Convex (s in this Tab. 25. Fg. 2. both the Convex Glaſs 


and Cryftalline joyn'd rogether make too great a Convexity) 
uniting the Rays before they. arrive at. the Retina. ' And there- 
fore they are helped by Concave glaſſes, which take off from 
the too great Convexity of their Cryſtalline ſome part of its 
Refractive Power: Or rather theſe Concaves make the Rays 
Diverge ſo, that their Cryſtalline ſhall be ſufficient only to 
bring them again mi fo that they be not united, till 

artive . Ur Fun of the Eye. 5 VVV 


"hopes are alſo helped by holding the Object very near; for 


chen the Rays that fall on their Eye from any ſingle Point do 


more Diverge, than when the Eye is. farther from the Point, 


and conſequently their too Convex Cryſtalline does but fuffice 


* Ss 27 


ee ee on the Raine, 
(S On the CNY: the Eyes of Old Men have their Cry- 


723 Fs. ſtalline too Flat (as Tab. 25. Fig. 3.) and cannot correct the Bi- 


1 


vergence of the Rays b i, bk, to make them meet on the Reti- 
na 7 t, bat beyond the Eye at e. Wherefore for their Help tis 
requiſite they add the Adventitious Convexity of a Glaſs; that 
both it and the Cryſtalline together, may be ſufficient to unite 
the Rays juſt at the Retina: And from hence it appears, that 
Spectacles help Old Men, not by magnifying an Object, but 
by making” its Appearance Diltin&t ; for Old Men cannot 
read the largeſt Print without Spectacles, and yet with Spe- 
caacles, they read the ſmalleſt, though theſe with Specta- 
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5 as Moi ian Mikes: 
1 | e Due Rep epreſettatiönl 
of a Pont in ke 20 25 Hy ind&rftoud'of 1 e Confiſe# ot 
Diſtin& Reprefentation of 5: whole Object; at leaſt for thoſe 
Parts that lye pretty nigh ad a 1 75 nt 5 cheat Pint char! looked 
at. For here we do not ta in che Rte fene öf tht 
Mathematicians, bur in a Phyſi 1218 me, for tlie finafleſt Wing 
imaginable ;, or as we have aſſumed it in foe firſt ſup ſictor, 
_ pan whole Object conſiſting of ſuch Pbigts, P een 
| ot, one Point may k be RN no e Point ok ic Object, 4 
(io) Tis Requiſe allo (before 1 procted Flche 60 er 
lain, what I mean by Clear Viſion, and Fahit 8 5 Reit 
155 and Confuſed e 1 6 
By what foregoes, 1 ſuppoſe thefe two fp Titi AA 
well underſtood, wiz, Diſtin&t Viſton is then” caufed; whe 
T Pencils of Rays from each Point of an Object do 952 
ly determine in Correſpondent, Points of the 1 87 eon the N. 
tina: Confuſed Viſion on the contraty, "when! thele Peticils"de- 
intermix one with another. 

Bur Clear Viſion is only cauſed by Great Quantity of Rays. 
in the ſame Pencil, illuminating the e Points of: 
the Image ſtrongiy an I vj ayouſh... Nona 8 8 

Faint Vion is then When a Few Ra Vi Make up one Pencil; 
And tho this may be Diſtinct, yet tis Dark and 2 at leaſt 
not fo Tr an e as if more Rays cbifchtr d. 
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of Soph Glaſſes aphid. 10 the, Be. dw 


_ - Hitherto I have ſpoken, of Glaſſes by Mh, Ki — 
| hs 8 Pe by it ſelf: 8 come now to > det. them bad 7 
W EN ona wy 


* y 
7 1 * © 6 , _— 
: , Lad - 1 4 * * 
* 3 4 = KS, U * $ "4 1 % * 9174 „ 
j ® of 4 —_— 0 my 4 0 8 2 . 41 * 
» » % 


But: 


* . 
3 


= ol = 1 5 . 1 100 T yy . 2 8 ; | 7 | ; ; . 
Uu firſt dis to be Noted, that when we ſpeak of the Dl. 
ind or Led Appearance of an Object, tis needful only to 

explain my {elf en ſome one ſingle Point in the Ob- 


ject; and for this we chuſe the middle Point; for if we ſhew 


„ 


FF Thar ſingle Point in the Object to be Diſtincth or Confuſedly Re- 
preſented on the Reina (according to the XXVII. Prop.) the 
: 0 may be. underſtood of the Adjacent Points in the Ob- 
Y But when we diſcourſe of the Erect or Inverted Appearance 
| "of an Object; Or of the Magnify d or Diminiſhd Appearance 
of an Object; tis requiſite we conſider the whole Object. For 
Ns a ſingle Point, though Phyſical, cannot properly be conſider d 
 _ as Ereft or Inverted, or Magnifyd or Diminiſſ 4. 
So that we perceive Diſtinct or Confuſed Viſion to depend on 
the Formation of Rays proceeding from each ſingle Point. But 
Het and Inverted, or Magnify'd and Diminiſh'd Appearances 
depend on the Conſideration of Rays proceeding from diffe- 
rent Points of the Object. I ſhall always conſider thoſe, that 
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proceed from the extremities of the Object. 
r enn K e iT ZE f LA f 14 * 4 N 
a . 1 — 2 8 by f f 
F PAO KNEA - 
t ,,,, lpa(f erik} ada; 
2 Object ſeen through a Plain Glaſs whiſe Surfaces are Pa- 
© 8 LT, llel i W 
ine ono n rel , Magnify'd thereby. 2 COB a co 


This Propoſicion being directly 9 to what 
HoxOoRATrus rA aſſerts in the XLIIL 


> 


op. Sec. 2. 
12s. F. i. of his Synopſis Optica, I ſhall mark my, Tab. 26. Fe. 1. with 
A the fame Letters wherewith he marks his 89th Fig. He ac- 
knowledges that the Apparent Place of an Object is changed by 

a Plain Glaſs; but not that the Viſual Angle 1s alter'd there- 
by. But I ſhall ſhew that the Optick Angle is Magnify d 
„ thus; Let m be a Plain Glaſs, a b an Object, a f * 
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wy 4207 es cted i into "i; An 


a fg. (by Experim. 1, 2.) Produce i þ directly towards k ; let 
the Eye be at h, draw 7 4. The Angle, under which the Ob. 
ject ab be ars throu gh the, Glaſs ml to the. Eye at h is ih b 
or K ) b, which is n greater than a h b, which is the n 
_ tural Optick Angle. Wherefore the Eye at 5 0 2. 
Glals ſees the Object a b, under a greater We than i it wo} 
do without the Glaſs, and conſequently the O y 
by the Glaſs. Which was to be Demon „a e . 
But that which deceived EA B EA is, that becauſe. thi An- 


gle 4 g b is equal to the Angle k bb, cherefore (lays he) the 


Optick Angle with and without the Glak are the ſame; or (as 
he has it) the Eye at g without the Glaſs would ſee the Obj ject. 


ah under the Angle 4 gb, and through the Glaſs the Object. 


is. ſeen under the Angle K h b equal to a g b: Which is grant- 

ed him. But this does only prove, that the naked Eye at g, and 
the Eye through the Glaſs at h, ſees the Object under the ſame. 

Angle. Whereas he ſhould have proved ak it were poſſible), 
that the naked Eye at h, and the Eye through, the Glaſs at 


ſees the Objects under che fame Angle; And then indeed he : 


had rightly proved what he propoled, viz. that the Opel: 
Angle is not magnify d by the Interpoſition of the Glaſs: For 
tis not Mathematical, firſt to place the Eye at g without the. 
Glaſs, and then ar h with the Glaſs, ang proving the Oprick... 
Angles the ſame, to conclude that theref ore the Plain Glaſs 
does not magnifie.. For at that rate one may ſhew that even... 
a Convex Glaſs does not magnifie; For at one Station an Object 
ſhall appear under as great an Angle than, , 28 e 0 
tion through the Glaſs. 

The Reaſon, why the Comman wi indow Glak, c. through. 
which we look, cauſes no- ſen le Alteration of O\jecs; is be⸗ 
"alle; tis too Thin. V id. Barr Led, 5. 
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| 2 TY fe. . oY axb be an G othe Eye, draw. 


_ ates, bdo, directly ſtrait from the extremities of the Object 
to the Eye. The * com riſed by the Direct Rays ae o, 


bdo, that is the Angle 4 0 b, is the Natural Optick Angle. 
'F be. interpoſed; ; here becauſe the Rays 
4 e, ö d, would naturally and by their Direct courſe concur at 
o, now "the Glaſs is interpoſed, their Concourſe, ſhall be acce- 
lerated before they arrive at o. Whetefore the Eye at o ſhall 
not perceive the extremities of the Object through the Glaſs | 
by the Rays 4 e, h d, but by ſome other Rays. And theſe 
other Rays uſt fall either 0 (that is, farther from the 
2 5 a 75 bd, or a muſt Hal within g e, bd: Bur 


Let 205 the Glaß 0 


%  ©% 


the A be of Thy 900 05 a, 5 1 1 Eye at 6. 


is 1800 all „ 


are 125 to pt Wee in c 0, 77 0, e at 200 Eye in o; Here 


the Of prick Angle wry oh the-Glaſs is co 15 w ew int . 
4 jo: bf Magnify d., W Which 5 0 be e fra” 
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Coding the pare Place: of ours fan thrngh 00 mer ah 
> EYES Ni D115, bbs 8 1 * 2 


«649: Iw-Plain Viſion We tina wemialle 1 the Diftinc 
of Objects (eſpecially vrhen ſo far removed, that the Inter- 
val between our two Eyes, bears no ſenſible Proportion there- 
to; or when Joo d upon with one Eye only): is rather che 
Act of out Judgment, than of Senſe; and acquired by Exerciſe 
and a Faculty of comparine, wather wan Nato abc For Diſtanet 
of it (elf, is not to be perceived; for” tis a Line (ora Lengrh) 
preſented to our Eye wich its End towards us, vvlich muſt 
therefore be only a Point, and that is Inviſible. 2 Wherefore - 

Diſtance is chiefly percvived by means of laterjacent /Bodies; | as 
by the Earth, Mountains, Hills, Fields, Trees, Houſer, cr. 


the Eſtimate we make of the Comparative - Majnituale: of 
— th or 27 their Faint Colours, — are che Chief 
Means of appr chending the Diſtance of ate con 
ſiderably aeg Bur as to nigh Objects, t who! b. Diſtatic 
the Interval of the Eyes bears a ſenſible Propottion, their Di- 
ſtance is perceived by the eurn of the yrs, br by the An 
of the aer, Axes. (Gtegorii Opt. Promut. Fo we ns Tia 
was the Opinion F r 
tho the . t Tacquet ( b II) 
thereof, and Objects againſt it wy — 2 of _ 
(of a Man' 8 fein only with one Eye at a Time one and the 
ſame Object) yer this Notiss 6f U Gaſſeudus bting abſaluiely 
Falſe 5 | cole Demonſtrate,” were it not beſide my Preſent 
Purpoſe, but I refer ro the 7th Chap. of the 2d Part.) it makes 
2 æinſt this Opinion 
(z) Wherefore Diſtance beit en ee e e 
© 3 * an 9 wete 3 the _ by 
Q one 
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TT. Tm 1 
one ſingle Ray only, there were no other means of judging of 
its Diſtance, but by ſome of chaſe hinted before. Therefore 
' when we eſtimate the Diſtance of nizh Objects, either we take 
the help of both Eyes, or elſe we conſider the Pupil of one 
Eye as having Breadth, and receiving a Parcel of Rays from 
each Radiating Point. And according to the various Inclina- 
tion of the Rays from one Point, on the various Parts of the 
Pupil, we make our Eſtimate of the Diſtance of the Object: 
And therefore (as is ſaid before) by one ſingle Eye we can 
only Judge of the Diſtance of ſuch Objects, to whoſe Di- 
ſtance the Breadth of the Pupil has a ſenſible Proportion. To 
126. Fg. illuſtrate all this by Tab. 26. Hg. 3. Let a be a Radiating 
| Point, ſending forth the Ns à d, ae, af, ag, a h, with all the 
intermediate Rays. Let p be the Breadth of the Pupil, and 
firſt placed at c, there receiving r e, a f, ag: Let pu be 
anſlated to b, where it receives all the Rays; and tis manifeſt 
that the Rays from a are differently inclined on the Pupil. in 
one and t . Poſture, for the Rays, | which fall On the Pu- | 
il when placed atch,” diverge very much more than thoſe that 
ll upon it, when placed at c: And therefore the Eye, or Vi- 
ſual Faculty will apprehend the Diſtance of a from b and c to 
be Different. For it is obſerved before (Prop. 29. Sect. 2. ſee 
alſo, Ng Promat, Prop. XXIX.) that for viewing Ob- 
jects Remote and'\Nigh,- chere are Requiſite Various Conforma- 
tions of the Eye: The Rays from _ Objects, that fall on 
the Eye, Diverging more 3 | thoſe. rom more Remote Ob. 
V 1659 wo ri yin goragt blends 
r (4) If therefore by Refraction through Glaſſes, that parcel 
of Rays which falls on the Pupil from each Point in Nigh Ob- 
jects be made to flow as clole together as thoſe from. Diſtant 
Objects; or the Rays from Diſtant Objects be made to Di- 
verge, as much as if they flow d from Nigh Objects, the Eye 
through ſuch Glaſſes ſhall perceive the Place of the Object chan- 
ged. | (5) But 


- © 


* 
4 


** 
2 


(5) But GR o 
a Change of an Objects Place by Refraftion”Tabinz6."F, 4. Tas. Fa 
reſents: a. Veſſel, on whoſe Pad at a chere! is laid a piece 

© Mony, or any. other. remarkable: Object, ſo that the | 

at o may jult perceive te Mony over tho Bdge o of the Vel ro 1 

The Mony now appears gte the Eye o by the direct Line 

4 co. Let now the Veſſel be fill d with Water up to g fb; ler 

the Ray af proceed from the Mony, and draw pf 5 rpendi- 

cular to gh; the Ray, af, inſtead of going onwards dire 

4d, emerging from Water, a denſe Medium to Air, -"Acflott 

from the perpendicular pf; and becomes ( ſuppoſe) fo. 

| Wherefore the Eye o, now the Veſſel has Water in itg 3 — the 
Silver, not by the direct Ray ac (for that is bent from it, 

and eſcapes it) but by the refracted Ray 4e. Produce 'o f 

directly co b, the Mony ſhall appear as if it were at 5. For the 

Eye is not ſenſible of the bending of the Rays but is affected 

by it, as if it were directly ſtrairt. 

(6) In like manner Tab. 26, E. 5. if the reint and! its Ray FIG 
ce obliquely: on-the-plain Glaſs ab; and aſter à double Re- 
fraction it atrive at the Eye o; This Point c is flot now ſeen 
in its own proper Place, but lomewbeft imcths RAy og produ- 
ced, as at f. For the Eye is not ſenſible oſithe outward acci- 
dental Refraction, that attends the Ray ar-ics\paſſage'through 
the Glaſs; but is directed by che next i e R Ly. 2 that 
falls upon it, and conſ1 ders it as beg and N Ne 
from the Point * FF | 20 1 

_ I ay. moreover, Gian by a n Class, che place afl 
ject is changed, and brought nigher che'Bye Tal. $65"F;6,726-F4. 
c is an Object ſendir its Rays c d, ce, n the plain Glaſs 
ab; theſe after a double Refration! wand ( (by pets 

in g i, h K. Produce theſe directly towards 7; and ſuppoſe the 
Pupil of the Eye large enough to receive the —_ 8 tb k; 3 che 


Point c ſhall appear to the Eye as at F. | 
Q 2 (7) 


ren Fr the Objact given. Tab. 27. FR. u. abe is an Object, whoſe 


TT 4 
eee itt Focus, 

To perſorm this, we are to have, the Power. of the Glaſs, 
the! Diſtance of the Object from the Glaſs, and the Length of 


a ui punt pn 5 


Diſtance, flow he! Glas bg; is given. Let us ſuppoſe the 
Glaſs! of the leaſt thickneſs imaginable, that we may not be 
at the ttouble of conſidering the Optick Angle, both at tbe 
_ hnoiesGop and Emerſion. Les the middle Point & Radiate 
ven- the Glaſs, and after theRays bare paſſed the Glaſs, let 
them be Fr Refracted, as if they carne Seed y from the Point 
e. From the foremention d Data, this Point e, being the 
Imaginary: Fucus, is eaſily determin d Prop. VIII. hereof: 
Thunb. draw che Infinite Right Line de f Parallel to 
4 be, hereſote as the Loews: Apparens of che Point b is at e, 
la the Loci ol the Collateral Points a, c, ſhall be ſornewhere 
in the Line de f ( unleſs perhaps Convexes on very (mall 
pphberss, will Repre ent the Object xooked' or Bowed, but 
of this we ſhall-take:: na notice): to dbeermine which, tom 
dhe Vertex Of the Glas & draw the Lines X 4 d, 9 bus - 
T.27. Fa. il. the Glas have any Thickneſs, as in Tub. 292. Fig. . from | L 
the, Verte Immtrſion, or outward Vertex, dra e, xc: | -} 
And frorg: the Vertex of Emerfion or Intard Vertex, draw || 
Nd, X, Parallel w. r 4, Ar, and then lib Thickneſs of the || || 
Glaſs muſt he ona of the Data. Vid. Prop. 47. Grezorii Opt. 1 
Promot.) the Points d and F are the Loci Appurenter of he | 
Points 4 ang el For ceitainiy were cht Eye behind the Glaſs 
jiuſt at the Object a be wauld appear under the Angle 
4c, and the Point b would appear as at e, and therefore 
the Points à and c would appear ſomewhere, ſo as to make 
the Object keep the ſame Angle; But that can only be by 
the Points a and c appearing at d and f (ſiippoſin the Objec 
to pens: in its own Narural {trait ſhape) Vere d and f 
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3 ud dt u — and ef vs Lows of 


jr Object abc. 
Hence it 


as farther off chan really. they are: Nod: this is the Reaſon, 5 
ve (as of Churches and Long Porti- 


why Pieces of Perſpecti 
coes) appear very Natural and ſtrong through Comvex- Glas. 
ſes duly 8 For theſe Glaſſes making: Objects appear 
further o 

Parts of the Felderer ſeem really Hulud ot funk in, rhe 
French term it Nonfonce. 
Hence alſo tis Manifeſt, 


make Nigh- Ones: appr” as- 379 5 Vd. Prop. XXVHL 
Sec. ; TT 


ject and Glaſs cominuing the fame, the Locws Appurens is ne- 


ver alter d, though the Eye beirimoved to and from the 
ori Opt. Promet. Corol. Prop. XLVIE For the Di- 
ſtance —— the Object and- Glak continuing che lame, the 


Glaſs. Gregori 


Imaginary Focus e ell always be the fame. 4 ti 
(8), The' Locus of an O0beft exposd. to 4 Come Oſo in its 1 
cus is not to he deter min d. | 


chan really they are, muſt conſequently make the 


why Convex Calls hetp the . 
of thoſe, that ſer only Diſtane Objects, as 01d Mer, fot theſe 


We 412 ceive AE thats | Diſtance Fats _ obs | 


When the Radiating PWine abe my Fin 1 l 18 places Tay. Fa. 


in the Foeus of the Convex-Glaſs cd, the Rays c e, d g, after 
paſſing the Glaſs, run Parallel, and being produced to c x, dx 

never Interſect, Wherefore in this Caſe there is no Rule 
ur. er to determine the Locus of the Object. And Barrow 


tells us was: Nod Wem fe Pofirims Aſtimutun. Leck x6, 
ad Finem + L 2418 Fla 35 1 TIA 


(9) "The Lat of + an Obj ef, begin the Focus of 4 Cove: 


Glaſs, to- the Be emen te 60% as Ae Bo, cans: 
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rar Lab. 27. Fig. 4. Let a be a Radiati 


yet Experience contradicts 


various Situations o 


diſtant from 


they being produced towards x and & ſeparate the further. 


in this and the laſt Section lies the great Difficulty, which 
the Incomparable and moſt profoundly Learned Barr ow (Left. 


Opt. 18, Sect. 13.) confeſſedly paſſes over as inſuperable, and 


not to be explained by whatever Theories we have 1 of Vi. 
ſion. For ſeeing that the Object which applies to t 


e Eye by 
Leſs-diverging Rays, is judged the more remote ; And that which 


applies to the Eye by Parallel Rays, is reputed moſt remote; 


it ſhould ſeem reaſonably to follow, that what is ſeen by 


Gonverging Rays, ſhould appear yet moſt remote of all: And 
f das, and teſtifies, that the Point 


a, Tab, 27. Fig. 4. appears variouſly diſtant, according to the 
15 Eye between the Glaſs and Diſtinct 
Baſe; and that it does almoſt never (if ever) appear more 


diſtant than the Point a it ſelf to the naked Sight, and ſome- 


times it appears much nigher : Or rather, by how much the 
Rays, which fall through the Glaſs on the Eye, do more Con- 
verge, by ſo much the nigher does the Object appear to ap- 


proach, inſomuch, that if the Eye, approach the Glaſs very 


nig h, the . be a appears in its natural Place: The Eye be- 
ing a little farthet removed from the Glaſs towards the Di- 
ſtinct Baſe, the Point « ſeems yet to approach. The by 


being yet farther, the Point ſeems yet nigher; and ſo by de- 


grees, till at laſt the Eye being placed at a certain ſtation, as 
at the Diſtinct Baſe, the Point 4 appears very nigb, ſo that it 
begins to vaniſh away in mere 252 on. All which (con- 
tinues the candid BA RAO V) ſeems repugnant, or at leaſt 


mot ſo well to agree to what we have laid down. And ſo he 


leaves 


Point placed more 
he Glaſs cd than its Focus; the Rays ce, d g, 
after paſſing the Glaſs, do Converge towards the Diſtinct Baſe; 
let the Eye e f g be placed between the Glaſs and Diſtinct 
Baſe, it ſhall then receive the Rays ce, dg, Converging; and 
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e 
leaves this Difficulty: to the ſolution of others, which 1 (aftens 
fo great an Example) ſhall. do likewiſe; but with the reſo- 
lution of the ſame admirable Author, of not quitting the evi- 
dent Doctrine, which we have before laid down, for deter- 
mining the Locus Objecti, on the account of being preſſed by 
one Dificulty, which ſeems inexplicable, till a more intimate 
Knowledg of the Viſive Faculty be obtained by Mortals. In. 
the mean time, I propoſe it to the conſideration of the ingeni- 
ous, whether the Locus Apparens of an Object placed as in this 
th. Section, be not as much before the Eye, as the Diſtinct 
Baſe is behind the Eye. Vid. Corol. 1. Prop. LVII =p 
(io) If an Object be more diſtant from a Convex-Glaſs than 
its Focus, and the Eye beyond the Diſtinct Baſe, the Locus Appa- 9 
rens of the Object is in the Diſtinf# Baſe. Vid. Prop. XXXIX 1 
Seck. 5. item Schol. Prop. L. ; Ore 4 1 
Tab. 27. Fig. 5. The Object ahr is projected by the Glaſs 72. FN. 
g xl in the Diſtinct Baſe def. The Locus of each Point ingen 
the Object is in the correſpondent Point of the Image in the 
Diſtint# Baſe : Thus a appears at d, hat e, c at f. Gregori 
Opt. Prom. Prop. XLVI. Y 4 1 
Diechales (Dioptr. Lib. II. Prop. XI.) remarks: a Matter of 
fome moment in this Buſinels of the Locus Objecti. The 
reaſon (ſays he) that the Appearances through Glaſſes of the 
Change 4 the Objects Place, do not ſo ſtrongly ſtrike the 
Senſe, as the Doctrine here laid down ſeems to intimate, 
proceeds from hence; that Optick- Glaſſes are ſeldom. or ne- 
ver made ſo large, as to be look d through by both Eyes at 
once; for if they were, he aſſerts, That the Locus apparens | is 
Obᷣjecti would be much more plainly and ſenſibly determin d 
to the ſight: In this particular certainly he is much in the 
right; for we ſee at all times, that two Eyes make a more 
exact eſtimate of the Poſition of an Object, than one ſingle 
Eye. And we have. a ſenſible Experiment hereof in 0 3 
| | FYICRS, , 
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tricks, by the large concave Miroim, where an Hand and 
Dagger preſented beyond the Focus, ſeem to ſtrike far with-, 
out the Speculum, at him that preſents it: But not fo ſtron ly 
if the Speculum be but ſmall, ſo that che Image can be cen 
but by one Eye at once, 0 n 


Scholium. | 


To this Property of the Change of the Apparent Place of 
an Object, may we attribute that common Effect of Ob- 
jects 4 to Dance and Move, being ſeen through Sphe- 
rick-Glaſſes, whether Convex or Concave, nimbly ſhaken 
between the Eye and the Object. Tis a noted Experiment, 
that to know, whether a Glaſs be Plain or Spherical (which 
zs not to be found by Inſpection of the Glaſs it ſelf, or by 
Touch, if the Glaſſes be formed on large Spheres, and be 
but ſmall portions thereof), the common Tryal is, to ſhake 
them ſomerhing nimbly between the Eye and an Object; and 
if the Object ſeem to move by the motion of the Glaſs, the 
Glaſs is not Plain: The reaſon hereof is this; That toward 
the Extmemities: of a Glaſs, the Glaſs refracts more than towards 
the middle (for the very middle Ray, that is perpendicular, 
is not reſracted at all) and conſequently the Apparent Place 
of an Object is more changed by the Refraction in the Ex- 
treme parts of the Glaſs, than in the middle of the Glaſs: So 
that the Object, by the Motion of the Glaſs, appearing ſome- 
times through the middle of the Glaſs, ſometimes through the 
extremities of the Glaſs; the Apparent Place thereof is varied 
likewiſe, and the Object ſeems therefore to change its Place, or 
to move. But in a plain Glaſs the Caſe is otherwiſe, for the 
Refraction thereof is equally prevalent throughout the whole 
Glaſs, and neither ſtronger nor weaker in the middle, than in 
the extremities; {o that the ſhaking of it between the Eye 
1 , and 


Ie * k ö * 8 9 7 1 6 KN 12 * o 
88 1 E * 1 ˙ A ˙m —Mł..̃ —à-u0̃ ͥͤ˙ͤd? Umœ A FX. 
r * IT, R , AN I ER tet CIs TE) FINE 9 9 1 RR MY = 2 FOE WT OTC: 3 
YE PREY N Ev irs % „„ II ESE : ·;ðm ũ½da ꝛð*ᷣx a Ve 8 e * ng 
Jr 8 EP AL TT TT > 71 7 oy Re; 63... HE AE ad 0 ave (54 VIE 9 2 
/// ² ˙ðr ³rͤPg ASE ae 2 e 
5 * 3 — 


and Object, makes no ak Aden in the * Place, 
cham if the -Glal were look d through fixt and immoveable; and 
therefore the Object ſeems not through it to ſhake and move. 
And tho the Locus be changed by a Spherick Glaſss being re- 
moved to and from the Eye, yet in Glaſſes of large Spheres, 
the Locus is not ſo ſenſibiy changed, as by being ſhaken before 
the Eye. The ſame Reaſon holds for the apparent Dancing 

of ee * 5 8 Smoaks or e e 
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5 Objet hier placed in the Focus * a F, ra Glaſs, and 
the 2 on _ ns the N 5 this ye. dnt 


We) mg: erect. 1 
That an Object ſo "oſited, is ſen diſtine) 5 wigs 
becauſe the Rays from each particular Point, < er paſling the 
Glaſs, become parallel (by Prop. VI.) and ſo fall: on the Eye. 
And therefore (by Prop. XVIII Sec. 7.) they are fit to cauſe 
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Diſtinct Viſion. Tab. 27. Fig. 3. The Point 4 ſendeth forth 727 = 


its Diverging Rays ac, ad, on the Convex-Glaſs c.d; theſe 
are tranſmitted by the Glaſs parallel inc e, dg, and fo fall on 
the Eye „ by whoſe Coats and Hamors, eſpecially. by the 
Cryſtalline h i, they are refracted and brought together in the 
Point & on the Retina, there pee g abaely the Point 
4 of the Object. 


Or chus, Tab. 28. Fig. 1+ The Eye "ry being in the place 1:4. Fx. 


i wh ere ſome of the Rays from eyery Point in the W are 

mixt yoggther, is in the place of the greateſt Canfuſio on; and 
therefore by Prop. XXVIIL Sec. 3. che Vi ſiſion is diſtinct. | 

I ſay 4 the Object is ſeen ere#. In the ſame, Figure g K 
is a Convex-Glaſs, ; abc. an Object; we may imagin that 
ach Point of this Object ſends from! it a Cone of Rays, fall- 
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gon he whole Sutface of the Gag, put fbr tvokding Len 
on in the Scheme, I ofty ex erptels and ebnſklvt the Rays 
eg, ch, from the Point 0 z and ak, a4 from the Point . 0 % 
is the Gry ens the Eye. The Rays rg, c h, after paſſing 
the Glaſs by Hel as g b, bp, and fall To on'the:©ryRul. 
line, t Gactions uy ate Hain: brought wsgetbret 
in the Point d on the Retina, thete painting the lively Repre 
ſentation of the Point c; and the fame Hay be ſhewn of the 

| Repreſentation of the Point à at f on the Retina, Where- 
fore the ſmiſter Point c is repreſented on the dexter part of 
the Fund of the Eye d; and the dexter Art of the Object a 
js painted on the f.. ter p art of the Eye F. And conſequently 
the Trazge on the 2 being Mood, che Odject is ſeen. 
erect (by Prop. XVII. Sec. 4, 5). Which was to be De- 


manffrated. 
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EY oe being plated. bs the Fot, f 4 — WY 
© the ye being placed in the Ferns, "tht Fother fide "the Gicht, 
ſets this Object under the © ſame Huple," as were te ke | 
Be placed at the ati of the Ole.” * eee 07! 

125. Fa. Ti, 28. Eg. 2. 4 K is an Sehe pc 0 DIY 
the. Glals ef {which we frppoſe the feaſt thiekneſs irmagin- | 
Alle. Let the Rays ae, 5 57 rum parellel-to the Axis: Kt o, 

theſe Rays are united in the Focus at o, at which PVint w 

— ſe the Eye. Produce de and of directly to- g atid &, 

chapy er / (which by ſuppoſition is ad ce b, "and. 
len draw uc, bc. The Oprick-Anyle throu b the Glaſs is 


20 f, which we are to prove. equal to ach. Thus, 4 * and 
+6 btng parallel, and ae, cc, being ſo likewiſe; a is equal 
to ec, and ae to xc, being tlre oppoſite Sides -of a Paral- 


telograi. But vc is N to c, (the Focal Length nt” 
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Tide and e Wherefore: the 5 angled Triangle: s eco b 
is equal and fimilar tothe Rigb- angle Triangle a xc. Where. 
fore the _ eoc is 2 to the Angle-4ex;-or eo f is 


equal to _—_ conlequenely. the Eye at o ſees the 2 
ws the ſame Angle, as che naked 


ject through 
] Hoary 2 c, would fee ir. RIO 


Eye! _—_— 
0p Ss uu Prom. N e 
e 
e 7.3, 


"This is. 1405 a boch Eye a and j 
the moſt perfect Viff poſfible through a ſir 
unleß per haps we ſay, That ſeeing all Objects: 
perceive moſt diſtinctly are — nigh our Eyes; 4 
we may conceive the Rays flowing from each Pointe 01 them, | 
as falling on the 1 Diverging he And conſequently, that i 
to ſee an Object moſt perfectly: 8 a Convex Glaſs, łis 
beſt that the Object be placed a very little nigher the Clas , 
than its Focus: For then the Rays; a ales Paſling the Glals,| do 

ſomething Diverge, and fall ſo on the Pupil ; and this being 
the moſt natural and uſual occurrence of Ob "_ it ſuies ie 
and is beſt adapted and moſt agreeable to the Eye; which by its 
refractive Coats and Humors eaſily collects each Cone of tl by 


Diverging Rays, and 1 them e in 4 Point on: the 8 
Fund oft the. wank * ' @” | i IE 6404 | a} 
| coal 1. 0 25 2 b F „ N 


„ Lle Eye 40 Obj 5 5 fo W ines” babe: 
ſees this O ject mogul under an Angle almoſt double to that 
under which the Object would appear to the Eye, were the 

Glaſs removed; that is, the Angle eoc or'ac x is almoſt 
double the Angle a % (4 and bo being drawn directly) 
for the Angle ac x is equal to a0c+cao (32:1,) bur cao 
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is almoſt equal to aoc. Therefore the Angle 4 c x-is abmoſt! 


double a oc. Which was to be Demonſtrated, That c av is al- 
moſt equal to 40 c, is manifeſt ; for the Triangle oc a is al- 
molt Iſoſceles, oc (c x). being almoſt equal to- c a+ 5 


Il now we ſuppoſe the Eye to. continue in. the Focus at o, 


and the Object axb to be brought nigher the Glaſs e/; ſtill. 
the Optick Angle through the Glaſs ſhall bee af. By which, 
(tho it continue the ſame, yet) the Object would not be 


magnifi d by the Glaſs in this ſecond Poſture, as much as in: 
the former. For the Angle eof in this latter Poſture would 


not ſo much exceed the natural Optick Angle 40 b. For at 
laſt a x b being brought ſo near ec, as to be coincident there- 
with, the Angles eo f and 4.0 b would be coincident alſo. 
The ſame may be ſhewn, if we ſuppoſe the Object to 
continue in the Focus, and the Eye o to approach the Point: 
c, For at laſt. the Eye arriving at c, perceives the Object: 
through the Glaſs — its own natural Angle ach 


Hence it appears, that the Eye being in the Focus of a · 
Convex.Glaſs, and the Object in the Focus alſo, the Eye can- 
perceive no greater an Area or Space of the Object, than the 


Breadth of che Glaſs, or the. Breadth of that Portion thereof, 


which the Eye makes uſe of; for a& is equal to e . And. 

the reaſon is, becauſe thoſe Rays ae, bf, that come from 
the Extremities of the Object a and b, and concurr at the Eye 
in the Focus o, muſt neceſſarily fall on the Glaſs- parallel to 


the. Axis X C. : | 
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5 determine the Optich 4 or neee 
jet in the Facus of a Curt ale the Hye — 
ation; 3 from itheſe Data, the G. Focal Le bs or the : 
_ Diſtance f the Object from the bn a rr 
The Diſtance of the Eye een Glaſs cd, and the Breadth + 

116 { eee a bi d be 2001 ni 270 Abd 71 Ji ei 1 
„ 10 Off eis 2 £514 Adr Kere 1d * 
The Thickneſs: of the Glaſs take msd becauſe 
5 po of teas e f e , 
is ſuppoſed of the leaſt Thickneſs ima el; r alb the 
Refrl Kon are ſuppoſed performed] at: the- Line in the mid- 
dle of. the Glais g ec g). bn, %% test e 
- Wherefore let a & b. be. an Object, and let che Rs 4 aer 
bf, fall parallel to the Axis c theſe-/are:united>im:the - 
other Focus at o, where if the Eye bd placed ituſees deb. 
ject under the Angle 2 of = an bye the preceding Prop”. 
| Wherefore having b x- the half Object, and xc; im the Right. 
angled Triangle bc, we may find the Semi. optick Anglo : 
bc x. Draw the prickt Line bo des the Angle b bor s 
the natural Optic Angle of the Object? b, which. ming; 
obtained, in the Roghr-angled) ee b ues having 4 
and 6: > M93 
Let now the Eye be out of the N at d; che Rays. a a 
after paſſing the Glaſs; become parallel to e o (Prop. VI.) And 
therefore the Angle gdæ is equal to eox-/0r;acx,: which we 
have found before. Draw the prickt) Line bd directly; the 
Angle bd x. is the natural Optick Angle of the Object © 
b.x, were the Glaſs. removed; and is eaſily had im the Right» 
angled. Triangle b x d, having, 55 and xd (=x: a > 
the Problem. 18 ſatisficlt. C1, Mech ei 
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1 aha Pifiblec 4. 3 1 01/8 50 tha. (Forks of a 
g (aves Glu ji from hefe- Daca, 1. th diſtance. f the Object 
4A hn rk 20h .#he- Glaſſes Focal" Length, therdiſtance 
"of the Bye from the Gl en e $ wh 2 

Guns en eee e G en 10 99 

It is ſhewn before in ay :d. Coollary 00 me Nx XII. 
That the Viſible Area of an Object in the Focus of a Con- 
vr Ghiſs, to the Eyes placed in t other Focus, is equal tothe 

Brcadth of the Glaſs. menen Ant only ow conſider 

the tuo other Caſes. I asl 260 
Way. Ez. bind firſt, Wet the Eye ar 05 Tabs be be plated 
further from the Glaſs g than its Focus, the Object a xh is 
inthe Focus, g 4 the Glaſſes Breadth, æ c the Glaſſes Focus or 
diſtance of the: Object, and cio che diſtance of che Eye from 
the Glaſe are given; Draw ge, Io, and produce the Axis 
a inſiuiteby. Let us gowumagin the Points a nigh Ra- 
diaring Point or Object, ſending its Rays og, oc, ol, on the 
Glaſs. By Prop. V. Let us determin the Dit Baſe or Re- 
"_ Focus of this A wwe g by this Glaſs, which by 
o foregoing; Data is cafily rmed. Suppoſe this reſ 
tive Focus to be c. Dan g Lf; where thoſe Lines 9 
cerſect the Object in e and 4, the Viſible Arca Sag the Object 
is determined by e d. 


Deminſtration. For by Exper:8. ae Pr 
Ply different Mediums is Neciproc 


En Di 
on pers 


Rays og, ol, be. refracted into g e, . it will neceflarily fol- 
low, that eg, di, being conſider d as two Rays flowing from 
the Points a and FR y chall be refracted into g o, Io; where: 


fore chis Analog) will hold, \fc:cl:: fx (fe xc: xd. 
W xd is half che Wi Area to the DE: lde 


Secondly, 


ey Tb K Nye at b be 
the Gia than Bog Deawiigls; ant Nad Ped the 
Axis uc inffntely backwirds towards! I The ww ber 
ſuppoſing whe Pdide o Radiating” * dr 
Data, and hy Bop, VAR: We may — — 
Sia Fowus thereof, dec ec i hom Pi Fee 
rect toi f bie 1 ed, yy 
tion, is che Viſible Area ef 0 8555 . 3 ere 
f * ( eg- H {.d35\Whith ds pi ne Wille Aten to 


the | Bye? ccd vos beonſq 9639 2 217 eee 
$2 941: f 200123205 ob Sabdighhfenitidl ach bas . ſs) 


* 0 
on h anna ino sf 0 em 1d 981 * 2ND 


a! i e be let whe A 0 e 
San che Saad 8 


Ds pt rom wy Wiſtohrhreugh Gon 
is t Wi * Jon 
—.— webe Er el, 


ver Glaſſes. Bur wytrether T Ae! U, 
bs ere: 1 


 on-ortierConſiderarionsy 
to thoſt char oon ſider whit Hug bSef Befczee ac 
he hereaftet laid: «d6Wn>chbetfin ehe /r r 9 Gy. 
U %,] Q don 111 gee A tb 25 6 
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aft N ben 16 h 5 


Wt ape barg oa} ae fe. # * that 
its Focus, and the Eye placed on t other ſide this Glaſs nigh- 
5 er to abe Gele rbo the Dien He vd #9. Glan Jet this + 


15 dee fk d con e 580 BY Nn % d SAN 
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YE 


-bafote- (Sof 


late ee vr Adi 
this gs is projected in a diſtinct Baſe ſomewFhtreot'ocher . 
fide the Glaſs. And that this Diſtinct Baſe, may be ſome- 
timcb Lejz, ſometimes equal to, and ſometimes Greater thun the 
Object it = | Tabs. 


RYH i fe n 
20s Bhat \itd- Focus, 


Aber neon bee 
Object be 


platedigher vr 


5 
: | 
5 4 = I * 
= 
- 4 
2 PO ee g 
7 att tos NN 


eee 
Fa. 423 h,. 
a 210 ppt 860 ing iba Di 
Kaps gro the Objec 


he ade mos Toy. ſt the Ob. 
l; tet e At K. ECiay, © 

22 5 pearsroredh Far-thorRays fdr a>the upper spart 6f 
he OPject tend and etermin in the In pare | 


44 d a Ando bi en e ee dhe n 


Object tend towards thedupper part of the Retina, and there: 
fore: che Appearance is ere, (by \PropyXXYLIN. Sc. 4, J. 
Moreover, the Eye being placed any w ere berween the 


«Glas . and the fink Rafe ye d, does not receive the Spe- 


the Object inverted; for that only happens juſt in the 


Diſtint Baſeidt ſelf. And go this account, tis manifeſt, chat 
the ro the Bye in ghis poſture, Hall ſhall be Heft.. 
2 Mole: thar;he A — Object ject is onifilſed: 


the. Rays from the Point hoc a ane therefore By Pro 
587 FLLiche B Repreſertation af che Point ih on the — i 


the Exe ſhalloke' — Ang: ſo of the other Points in the 


Object, that is, by the whole Object. And if the Eye recedle 


from the Glaſs, as to hi, the Viſion 3 is more confuſed, becauſe = 


«he 8 are Ee converged: .- 044 
b N. en 5 * 9. Wü. bee 5 £4; 100 


ieee N ae vo : d Tn 
2 determin the ( tick Ale, oy Aparent 1 a the 

„ Viſible Area of an Object placed as in the aft from theſe 

ge. F2. Data, The Breadth of the 005 abe (Tab. 30. Fig, 20, 


A Diſtanre From the Glaſs, od, The Glaſſes: Power, The 
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Let us eneive the Pupil- che Ey at un g here it receives 


Gleſſes "Apes 4 een ef the Hy fromthe 
eee, 5 H nen Ort 197 991 110 er 55 40 * nw. 
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; 22039 en eme þ n 
; ver Claſſes,. dis ealie'td' d Lewie che Bratt of the Diſtin Rt. 
Baſe. For 0 Prop. X & VI, X X#11 4A —— 


the elt from „ 1Th che Breadih ef the Ohjecr:: 
So the Diſtance 2 —_— in tie Diftinet: Baja-ticy 11 
eaſily obtained ing Data) To the Breadth of the 
7 Image. That is (in ths: Toklaid Figure) BX: ac: :e: 
df. And As 4h: b:: de :e x. And conſequently the An- 
gle e Tdiis equal to the Angle al; the: Tridngles id wnd 
4 l being fin Aal n the ight- ang 222 
we have 4b and b &, c find che . eee ee | 
is the Angle, under which the Object wauld appear roche 
Eye placed juſt touching the Glaſs at ; Es NETS © the Glaſs 
to be there of the leaſt Thickneſs 1 _—  . 
(..) Let us now ſuppoſe the Eye * I ay i che Rays 3 
from the ſingle Points a, c, in an Object be covered by | I} 
che Convex” Glals g | to! any other Points dy f che Object * 
ſhall appear under the Optick Angle x km, as do te Apices 
of the Pencils from the Extreme Points of the Object, ahich | 
is dkf=xk m. Vid. Gregor Opt. Promut; NI g NM. 
3.) Wherefore in the Rig angled Tiling le e K, e | 
have e K and e d, To find che Angle Sk ach wh. 
the Sami: Optick gs to che Eye at K. In likdimanderinay 
n e nay che ede fee ye, 
as at n, en dg n pou to Half n hl. 
(A) A to the Vis of ide Objeft;" us dererenitnd 
2s before, Prop. XX zun etin nenen, > Thawit 
the Eye beatq, and he Line dt being draws," and produced 
cowards: h, it does not fall upon the Glafs g wr 
at 4 ſhall not ſee through the:Glaſs the Paine: , the Apex of 
whoſe Pencil ls in the Pbint c And font r 
ere, that ar be N rin em pie 
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int Are ; th T3 N $2 Prop 0 Kepler 's Dj | 
vich are rmanifeſt. + . 
65.) If che Glaſs. d Thickneſs eee fe Drop, 
XXX, wee P the Landi ea 2. % dated al, 
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mus Sade, by 166: K bu 

Eine” felt, dees die, , Medes b. e * 
Breadrh of the Object need nor be! one cf ehe Dara lor de. 
termining the Optick-4ng le. For the a of che. Objeet.is is 


| found «4 el the File Hea. if 1 ili 0 g 
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| debe NI. 9112 10 910 . 0 01 
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a4 00% being mare Iſtam from: a Ad. tag wy” eee 
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57 Pooh. Nr. tis manifeſt, that the nighr the Eye 
proces the Dal the Diſtin& Baſe, the more confuſed the Object 
ccauſe che Rays from each particular Point, do fall 


v1 ix) Tab th 


ehe chen: Lolverged, and more: orderly ſeparated by the 
88 from the Rays of adjacent Points. But in the Diſtinct, 
ſe, the Rays are Wulle all Converged, and molt arderly. 


united in chai proper 'Paigrs,c) cach with, the Rays' 2 
tom the pin if ihe Object. Mberederenthe E50 is 
therer in the: gre mens = ui. 1 rl bas 263d a 

„ Moreqyet (by Set. 3 15 di requiſkce. © Di- 
ſtinet Viſion, ety” Nahe from the ſeveral Points in the Ob- 
ject, 1 on tho Rye altogether confuſed theteon (as hey qo on 
dhe Glaſs. in the Hole of. 4 1 Room), chat the S and 
Humors of the, Eye may refract, them, and bring ch em roge- 
ther, 
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Te A; edi paler Diſtant from the Glaſs aha the Fels; 
and the He further from the Glaſs than the Diſtinct Baſe, 


ul Vegins to: 2 all BE inverted; and, at 4 ode di. 


ee, 5 604 19659 fie wt 1 057 3 Tr; e 
itt 133 0 L. Cc 1 100 cont rodent O Big 
ve bY: This-is — bay Tab, 305 K g. $i! Wbetbin 'a he 13e. Es- 
an Object, g:51 the: Glaſs projecting the Diſtinct Baſe Feld, 0 
is the Bye. And becauſe half the Pencils of Rays that flow 
from each of the extreme Points of the' Ob ject à and c, 
ckeding der wards from the Points d and in the Diſtiner "ow 
after they, croſs in the aforeſaid Points d and 5, 5 of 
their too great e eſcape che Ey eV T erefore, for 
avoiding erp) exityj in che Scheme, 1. havdlonty: expreſſed: the 
falk Cones 170 2 24 l, and; seg %, g, which incurr che Bye. 
(2.) Wherefore we may obſerve, that the Divergir 
5 fi o and o dq, falling diverging and confuſed on the C 
TN are thereby collected, and made to concutr on the ima 
in the Points n and rj and chere paintithe uppen Point x of the 
Object on the upper part r of the Eyes Fund; and che: or 
- Point; of the Object on the lower part u of the Retina. 
Therefore by Pr 1. XV HI S3 4 and 5 the Object appears 
inverted; 8 che Image. rtpreſemted on the Retina is Brett. 
6.) Or more plainly thus, ue may now conceiveithe Di- 
ind! Baſe it ſelf. Fd to be as it were an inverted Object (as 
here the Croſs turned with its. head downwards). Therefore 
the appearance thereof to the Eye; ſhall ſeem inverted, ' For 
if the Eye perceive an ereti Object, erett, it muſt needs pet. | 
ceive the Diſtinct. Baſe, being, an inverted Object, inverted.” 5 
A "S 3 An 


5rd * 


ﬀ wh 1 
ud this ef de) hid down! ee Meld That 
where an or the image, of Repieſentution of an Ob⁵ 
ject, which is next the Eye, is inverted, there the Object 
ſhall appear inverted. And where the Object, or * next 
before the Eye, is erect, the Object appears erect. 5 
2009 IIa alſo, At 4 projer diſtaiice che Inverted 4 u ance 
is Diſtin&. For when the Eye is fo far removed. fromthe Di- 
ſtinct Baſe, dag to be able to correct the dye, ers of the 
Rays, that come to it from each Point in the Diſtinct Baſe, 
ad. to form them into correſpondent Cones determining their 
t on the Retina, the Viſibii is Diſtinct, otherwiſe not! 
Moreover there are two other — this Poſture of 


Object, Gloſs, and ke, which. ! ſhall bee explain a fol 


00 l Ike Eye be oval upard 3 ky hs Object (hal 
appear. to move \downwards. If the Eye be moved downwards 
towards x, the Object ſeems to move upwards, To explain this, 
let us conſider che Point c; and hoty che ap of 3s 
brought te and formed in the Eye: | And we ſhall find; char in | 
the Poſture of the Scheme, the Point eis expreſſed in the Eye, 
tel by = — _— Rays: 1 ort the half Glaſs +2, fort 

are bro er in 3 „ flowing forward, be» 
come: pfo:' nb bebe; parcel o Rays weh that fall on 
the the hel Glaſs 51, and are brought together in, fl; Proceeding, | 
forwards, eſcape the Eye; for they go on in 7 0 Where. 

fore the Point c is now ere cou 5 eee "2, 
or ſeen ſomewhere between g and s. 
wards towards ⁊, ſo that it mi the R Nee 8 bee 
only the Rays pf x; the Point c ſhall then be repreſented: 
through the half Glaſs 21, or ſeen ſomewhere berween 5:and. 
h and conſequentiy ſhall ſeem to move downwards. - What is 
Penn of che Point c, may be conceived of the other Points 
in the . that i * of the whole — P40 


And chis 'Phavomeno:is the ſtrongeſt Confirmarion imägina 
ble, that the Locus Appurens Ob jocki; im this: Cale, is in che 
Diſtinct Baſe (as is ſaid before, Prop; X XXI. Sec. 10.) Fot 
by raiſing the Eye, we depreſs the Point ; and by depreſſing 
the Eye, we raiſe the Point f. Wherefote the appearance ot 
the Point c is at N For che Point r in the Object ſeens to 
8 


move contrary to the motion of the Eye. 
From the foregoing Explication it follows, that if the Glaſs - 
be moved upwards, the Object appears to move upwards. : And. 
if che Glaſs be moved downwards, the Object appears co move 
downwards; for the moving of the Glaſs wpwards'is the ſame as 
moving the Eye downwards; but moving the Eye downwards, 
makes the Object appear to move upmaris; therefore the moving 
of che Glaſs upwardꝭ makes the Objects appear to move upwards. 
Or thus, Becauſe moving the Glaſs uns ard, the Diſtinct 
Baſe is moved upwards. (for it follows the Glaſs), and the Di- 
ſtinct Baſe is in this caſe as it were the Object. (Prop. XXXI. 
hall perceive the Object moved upwards, S 7 
(s.) If with both Eyes we look at the inverted Appear- 
ance of an Object through a Convex- Glaſs, we ſhall perceive 
the Object double. Suppoſing the Eyes not very fat remmov 
ed from the Diſtinct Baſe. . Tab. 30. Ng. 4. abe is an Ob- T. 30. EA. 
ject projectet by the Glaſk I in dhe Diſtinct Baſo fe; the 
Point e being correſpondent to the Point h. Let che Cone 
_of Rays g e flow forwards: from e, and become x 3. Let 
the two Eyes n, m, meet the Cone of Rm N tay the 
Eye n perceives the Point e (the Repreſentation of the Point b) by 
the Rays 2eq, which flow forward from ie; and conſequently 
the Eye n perceives the Point & or e, as it were, ſornewhere 
between 5 and l. In like mannet, the Bye m petoeives the 
Point h̊ or e ſomewhere between s and g: Where fore che two 
Eyes ſecing the Point b or e, as it were, in tio 3 
Double. 


# 
, 


[ 137 0 
ln What is ſaid of the Point b, may vibe tindefiond of 
any other Point in the Object, andconſequenely of the whole 
Object. And if we ſhut the Night Eye mn, 4 Left Appear- 
ance of b vaniſhes; if the Left 174 My: then en Right Appear: 5 
ance of the Object Winti. 4 963 gli ave | 

But if the Eyes be removed very far way the: Diſtinct . 
Baſe f ed, their Interval continues: the ſame; and the Rays 
ek, ep, Diwerging continually, they ſhall at laſt fall on the 

Eyes; chat is, ek on the Eye n, and ep on the Eye m. ed 
Which the Eye n ſhall perceive e as it Wete at u Ge being 
one Right Line), and the Eye m ſhall perceive the ſatne e as it 
were at r (per being one Rig ht Line), whereby the Difference 
of the Places r and 1 — — leſs chan before, till at laſt the 
Eye be got at ſuch a Diſtance from the Diſtinct Baſe, chat 
this Difference of the A pparent Places becomes lo ſmall ,(thar 

-tis inſenſible to the ſi — en A. 

NQuære. How Dr. Briggs. el ex plain dis Prabem 
of Double V. n 90 kit Liner of- fs. 4 ANGER, 
Numb. 6. | en 0 oth: ina Lia 

ebe bend P. 4 0 r. XL. Nu 11 850 


* a the; Optick- Ang le or 22 Me 0 the 
4A Vlſible Area of an Object, Place d as in the laſt, From "theſe 
me. Fa Data; The Breadth of the Object a be, (Tab. 30. F. 3.) 

Its Diſtance from the Glaſs s — The Glaſſes Power or :Focal 
Length, The Glaſſes, Breadch gh, hogs a hed of! the 
1117 wit fron the hea 08. 971% 1421 A 96 

70 14 36 ſhewn, — 4 (Prop. NI ) . we ay | 
.Fom theſe Data obtain the Breadth of the Diſtinct Baſe. fed, 
and its Diſtance from the Glaſs es. Wherefore o —es=0e. 
Then in the Right. angled Triangle oef, we have oe and ef 
Kaen che . 1 oe, which is the Semi- Optick Angle, 0 
er 


Css i” 

is winch the Eye perceives the tel Appearatice of 4 
er In like manner may we find the Optick Angle to 
any other ſtation as at n. 

2.) The Learned Gx 260K x in his Opt. Promot. Prop. 46. 


has a curious Theorem to this purpoſe, tis this, The N. from. 
each ſingle Point in an Object a b c, being formed by the Glaſa g s into: 


the Diſtinct Baſe fe d; and the Eye o being placed behind the Toons by 


of - Concourſe f e d; ; the Image of each Point in the Object ſhall ap 
pear in the Apex of its Pencil (That is, The Image of 
Point a ſhall appear in the Apex of its Pencil at d, c.), Ad 
the Object ſhall appear Inverted ; And under that Optick- Angle, as 
the. Apices of | . Poel. of the Hane Poets of + the Object; 
That is, under the Angle .. TA 
(3-) The Viſible goes nk mba 5 Thea 30 
To Object. 4 be is projected by the Glaſs gl in the 51 inct 
Baſe 7 e 4. Let the TR at 05: draw og, ol; the Eyerat 
o ſhall , ſes no more of e Object, than what is repreſented 
between · & and r, Where the Lines o VM ol, interſect the Di. 
ſtinct Baſe. To determine the Points in the Object, that an- 
ſwer the Points x, in the Diſtinct Baſe. From the Centre. 
of the Glaſz s (for. I ſuppoſe it of no Thickneb), draw x 
14K; the. Point z anſwers r, and anſwyers , Laſtly, from. 
che foregoing Data to determine the Neaſare of Xr lay, As 
40 sgi ον ] but the three firſt are known, there, 
fore the fourth is Known alſo. Which was to be found. 
(40 If the 1 85 produced; do not fall on the Clas, wen J 
chat Point in the Object, whole, Apex f its Pencil is at), o 
which. is projected in the. Diſtinct Baſe at , ſhall not be ſeen . 
through the Glaſs by the Eye at o. Vid. Set "ng XI. VI. 
| are Opt. Promat.... 099) E Log 27101 900 Ng 1 
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Corollary. x. 
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Hence it cler, Tha the Fa the Rye is N * 
hs - Diſtinct Baſe, it perceives the greater Area of the Object; 
but can never ſee more than what is 3 in the Breadth 
of the Glaſs ; that is, Xr can never be greater than g, nor 
ever equal thereto, "ey the Eye 0 ARE an . N 


| Pace XLI. 


23 od nigher a Convex Gaſs then in Fa, at 
the Eye on he fide the Glaſs, at any Diſtance within the 
er ee eee F 


1 ay, Within the Eye 's Power ; for tis dern before in Oro, 
'VIL. and VIII. Ther when an Object is placed nigher a Con- 
ver Glaſs than its Focus, the Rays from each Point thereof, 
aſter on, + rag do Diverge, but nor {6 much 4+ f the 
Glaſs were away. Wherefore, tho the Eye looking at an 
within the Focus of this Glaſs, may be nigher the Fes 
je, than if the Glaſs were away, and yer ſee it diſtinfth ; 
there is a mean to be obſerved ; der event with the (lab i kf 
the Eye may be too nigh the Object, and not able to correct 
the Dive e — the * dau receives. 
But that an Object t rs Di to the Eye 

at a convenient Diſtance, is pores 2 25 from 825 


Point proceed moderately Diverging, and ſo fall e on the Eye. 
Prop. XXYUL. Sec. 7. 


That an Object hes poined i is {een Betz, is evident from 
Prop. XXXII. mad X XXIX. | 
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$ Tab. 31 Eg. 1. 40d 2 2 7175 
8 1, nigher nene 9 
is ſuppoſed nigher the Glaſs han its For 


ocus; and.chis 3 the Firſf 
Caſe. But in Hg. 2. the Eye 0 is 5 ſuppoſed. further 1 the 
Glaſs than its Focus; 0 and this is the Second Caſe. Ki ſhewn 


e He pective and A Foci 


before (Prop. V. VIII), how th 
f are Na in gne * 9 5 FI bs, | 
Firſt let che given Br ft as 8 be g L, Prop. 
XXXV. we determine; the Viſhle ges S J. 5 
ſuppoſe he given Breageh@bghs Gl 
oy XXXV. we determine the 
As to the Oprick-Angles g U. 0 
or: 50 J. (ſuppoſing the Object, eich . 
che Data, by Plain me e N 
as before in Prop. XXX V. = A1 


And we ſhall find by Calculation (as indeed tis evident 
| by the very Inſpection and Conſideration of the Schemes), 
that the Co _ Parts & e, d a of the Object X, are much 
more magnitid.{(in_reſpgec, of cheir NanualiAppes 
Broad Glaſſes formed on ſmall Spheres, than the MM 19 85 
e x, dx; for the Angle gp dale Oprick-Angl ;, thro! b the 
Glaſs, of che Pat xc; and, the, Angle.p is A . 


10 


gle; through che Glals, of the Part ex uhu mer ex-. 


cceds che Natural Qprick-Angle much x the FE 
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As to the Natural Optic -Angle of. the ob ect Xx, were the 
Glaſs away; draw 30 Hg „ . in the Right- 
angled Triangle x 5 we have Xx and x0 to find the An- 
pes T0 K * ONS 355 Natural Optick- Nagle of the Object & x. 
bond ke-ie , "that by Broad Glale formed on ſmall 
10 ite 5 | tle Fare ef ſtair Objects, "rem to be in. 
curved n Wo manifeſt in he 2. ftr che Mierometer, h 
or Lattice of fine Hairs, ne before the Eye · Claſs in a 
5 h fot Meaſuring the Diameters of Objects. As Pere 
et complains in-. Muptriqur Gæütar. Pap, III. Set. 7. 
| Chap. 1, 2 139: but under eee Of oy. 
|; 15 Expetimienc; by looking ng with a very Co 
Glaſs a pre Pa Lines draw rer y<loſe on-a Pape 


10 e 913 et 2icl2 - 0 ein- 114105 0 
mat eta er Y3 910311 Scho WOr. „A7. 7% 0%) 2000 
n 1:03 bag Ig ni bontt rah 91. 
G's ff itiftead of © the Ge Breadthy we. haye the Bicidth of 
che Ohject ed given,” We ffayieaſfly gerermine the Breadtł ö 
the 5 ce Ch 17 7 the Obj ct is ſeen: 
For from the Point 7, raw 
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theſe intenſect the Glas 
in , J. I fay chis'is 120 mee % the Gla; through which 
e dis Vill e. And if the Line F m, being produced, do not 
falk on the Gla etlis Point m irr the Object Ie derne 
che Glaſs l to, the Eye at g. e 9017 1.0107 
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his XLII. Propoſition," as it "ality as the Has, 
bit be folved' an other way by Determining the Locus Objecti. 
But then, to the former Data in that Propoſition, inſtead of the 
01 es Breadth „ve muſt add the Breadth of the Object. 


7:32. Fi. | Whetefote, Tab. 3 t. Fig. 3. Let the Locus of the ob ect 


«bc be determin d 4e f, by Prop. l. See. 7. Let — 
Eye 


Eye be W 4 dixeatly F. the R Line dos. 
= be aro ham Wn yin Perogivei through . 
the Glaſs the Point N Obje doch, (Vid. Props: XXX IL. 1 
Sec. 4. Prop. XL. Sec. 4. & Sch bol. Prop. XLVI. *Gregaris Opt. 
Prom), Bux if do 4h he Ga Jy hog 
dof is the Angle under which the ect e ape ars cg the 
Eye at o through the Glaſs. e 80 Object a bois een through 
the Glaſs under 5 ſame Angle, à the —— def would be ſeen 
wit hout oe Glass (by. Prop, XXXE Sc, NowbtcauſEwe = 
have 4 and bz. given; and #.g-found,,,{3ve.gnayl find ge et 
ed; for : bK: ed Then in the Right -· angled Tri- 
angle doe, we have de and eo ea ad Ihe 
Angle doe=idof, c Draw then 60:directly;:irhe;Aogle@o b' 
is the Natural 'Optick-Angl le, under which the. Object ll b 
woot appear /to, the Eye Chl ths Gali: Neu having | 
ab and bo (TO) we may find the Angle 40 b; = Fo 
Difference between de Obe the: Angle! dee (that is a) | 
ſhews how, auch 8 by:the Glad. 
FFS  enrs ances evi ep, SpnA-loi O 
L Example of the F 5 22 computed by the Method in 
> 03. 2111 Props XLII. Tahigt-o Fan A 05 „ 1731. F.. 
on A e V III WINS vd 5 38 O yigDIgeral 973 SME 
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Furt ſuppoſing, dhe Poiat: 0:a Rudiati ting Noint, 0 ldd 2 
By Pr oP. VIII. As Focus Glaſs—50 : to "== Glaſs 20 74 
* rt i is in Numbers. — — 2137: 4637: 282 2500: 5425 
| T 2 Then 


— 


2 r ey 9 
r e 3 82 


R D 3 — Ane L * (7 Es * r 1 F 
as AS ed ; Wy Pee R e TY N 
"rr * 2 OF FEY: 8 5 5 . 9 - £ | TY * _ * 8 7 k 2 5 R * bh DD HER TTY r =" N 
1 IP . N 7 IE $4 . 2 e 3 ae. EEE = FO 
3 BEA A * "wx" 8 > 
N of 5 


Lodges —— ring wy 2 «9: NE! 

Wee! | ut . 5 r y 5:8 146 Way "XL the "Viſble 
Au in this Cile-actording te che D. 
300; 7, TN * 11. VA en AI Node 3 22 . EK 14 GY Ws ad A 2 
: 3232 2 | 
„Tb fad the Opcick- Angle: g o, ufnder whitt 
ths Ne It, appear; Hay, Wi TORAH * 90A'907 ei \ oh 
h 2 Rad- 4 +914) Tang, Loo 9523 THE 19 9 

WN . une N. 0b 92 l n ee e N. 0 h N 505 

The ßoregoing Brample! cledlated according Rees 25 

ran FB eee mee Iu $1-Dg-h es 


> 


een 
0 Dit of the Eye from the lee, oo 

Diſt. of che O bj. from ehe Gl. e 
a! e AA 217 


* e [ 2114 . 
* '4 « EY * 719. ! P2112 


Nath \=) o bag a. 
0 Diſtance, of the beten 


% 15 9 
! j 7 
en Auer 
1 # 
„ 
1. i af 3's 


7 
ef ers 
159 4 4 * 116 W 


beus 4 =? 12d d J 
Breadth df che as 5 85 Ky a, 4 71! 


. e Ne 6 5 4 doe= * A 7 1 
t Firſt, 9 the Fit k a. Reg 805 to deter- 
5 e Imaginary Focus: at e, Wu 99G VIII. we mult ſ lay, 


Th $ 


— Fr 1 
5 * 0 E —— * = 414. New | « 23 


* 
1 


As Focus Nee =o 19)! 1 Focus Glan : lg, 
That is in Numbers 1916: 46 2 2721: 6585 
Then by Ty. 2. 6. Rack 2+ 2 „22 e: ed | 
Tharis in Numb, . 2850 125 


e of V7 4 


* _ * — 


Laſtly, As eo ee ee Rad, : : Tang. Zdoe 
=3* 18 30', which wants only 40 e of the former 
Calculation b ou =" DP the. ere of the Fractions;” oy 


\ * 
k A ; it, 
65 45 1361 1 31 4 * 4 { 


1 1 1 ; 4 12 * 1 * 


7 2 Cy 
s h 5 Ti bs. 
* 2 * » 5 * F > 1 ry . £1 
* = a k Ei + £ ! 4 1 
1 4 4 4 3 ö * 
8 * * * * — * as 44 2 a c C4 * 
> 1 — _ 
* . - T - 
© * ® — — _ 


* 
FS + 
; 
1 
LY © 
IS - 
1 
i 
ö 
ö 


—— 2 —— 
. VS 
- E 


Cz 1: 1 iN 
15350 5 01 aiot prodtbeft. 5 A ud Sil: glog 
II. Example of the Second Caſe calculated. 01 win 00 | 
2 80 i 7 2 2 10 0 1909 . 2. oF 14% 245 


* 


Glaſſes Poe „„ 4637 
Diſk. of the Eye from the Glaſs f oo 
Dit of the Obj. from the Glaſs x 2721 
8 N of theGlk= 's 6 147 | 


(1017, F bes 290 111 16 1 . 320 ' 
b ne foe 3 5 ry 0. 5= K. 2 


II Suppoling the Point 0 a Rad uting Poin, Then by 
Fro 
. l 8. o oc. of the Gl. 2 Foc. of thie Gl. . 9 Fs Þ 
That is in Numbers 363 : 4637 : 000: % 4 
Then—— ——fs: 5g :: fx(=f5—5x) : 2x 
That is in Numbers 63870 : 145 61149 13 8, being 
4 Vilible Area in this Caſe, accor ing to che Data. 3 


Scrondy, To hed the Gral ** 4 0 5, under l 
this Xx 138 W foe 
A3 70 2 
s The 9 f 
tion in Sahol. 2. Pr. XLII. Meknes o ch 98 in 


* Nats (LOIN 225 T1 8 1 un. 289 B In! 
0 „Olagte Fons 1 22 4637 e "A «7 
Diſt. of che Eye from the Glak== N = 5000(«;; 27129 et) 
Dahon . 80 N i 


— 


SSH a ** 
46 4 . 1 0 68 


; aa of he tn 3 S Nt 
3 Breadth of the lag Focus = ”: e nes. 
5 Augle through the Glaſs = 4 doe 


3 
* en 


Let 


K;. 7.31. F. 3. 


IF x4 


Let us s ſuppoſe the I Point b y "as Point. To dere | 
mine the Iinaginary Focus at en by Prep. VIII fayyn 
As Foc. of the Glaſs -A b *' FocoftheGl T: K Ke 
That is in Numbers 1916 4637 2721 6585 
Th — — — — - : b Need 221A 
That is in props 2721: 3555 06785 c 154 
0 10 11 10 
Laſtly, As e fron pad: Rad S den aug) dor 
39 o, which by reaſon of the ne Wen 2 of er 
wants 40 ' Seconds of the foregoing Calcu 199 5 0e A 


9 
A %#*) 


. 


on Of, Cc ON C. AXES... 2 Tf 


* 1 0700 
Now W to the Conſileration: of Viſion a through Gon 
12 . i 


| | * 
a — — — 12911 4 
186 ; "7 
Det) Af5 8 71 0 Pros x10,” 37 4 ft; ot 1 10 A1 
Gf 1 , . 5 5 % 
Nn I 9 ; 91 4 45 £4113. £184 N A Sidi 7 13 


All o ſeen 110 cue. e ohne Belt and =. 
miniſh dl. | 


o + * 1 * "Sock © 8 - «+ w- 2 1 = 
1 * 0 2 1435 „ 4 2 8 8 12 . = <.* & T3 


That the Object ſhall appear Beck is feſt? FIT tis 
before (Prop. XXXIX. Sec: 3.) laid down as 4 Gendral Rule, 
That where the Object, or — that is next. before the ye; is 
Exect, the Be e ſhall perceive the Objeft Erect ; and where Inverted, 
.the Bee ſees it Inverted; __.But. Concaves have noD Diſtinct Ba 1 
(as Convexes have) - wherein they repreſent the Dngge of 
Object Inverted, and conſequently, wherever the Eye is placed 
behind a Concave Glass, it ſhall-perceive the Obe through 
it, in its Natural Poſture: That Concaves have no Real Vi- 
ſtinct Baſe, is moſt plain from the irc that T{ptegoes re- 
_ to chem: For a DEE 1 is "cauſed d by the Col 


| lection 
— * . N 
2 nf 1 4 . 5 8 
* 


* : \ ' by « Pd 


* * 8 I" 4 
„ | FP IG 4 Hae” | 5 <a Fi v3, 3%. 284. DOS 7 
8 r * . dg Wet es, ten fp eee eee nen e N * $54 a RE ROT TASTE! —— — rs r 22 9 9 
( Br A ae: 95 R$ 5 8 IE 1 3 He * * BY F a , 
* * > CE I"? Ss to I " * * 4 — 
£ y y 2 Tx F — 2 # 2 © A Ss me 1 
. * 2 7 : i ; Log by 4 5 he ; 
. 3 \ - 
— - 2 * 3 4 > 2 - * \ 
7 OO 4 K » a 3 : 5 28 2 
. a $. „ f : 1 * He 5 . 
* 4 £ uy FL, S . © * K I * L 1 * 4» * * ba F & 
* o 5 % ” 744 * 
g * 1 * * . : 
5 « * * # 
. ie : : 1 f 38 * * f 
® * 5 * 4 : — 2 o 7 * 4 
\ 4 7 4 1 : 4 
* — * 4 v \ 
2 N 4 ; : 1 6 1 ; \ 5 4 
5 0 . 3 \ i 
7% * 4 $8 3 3 5 1 F ; * — 
* „ , 7 1 
4 9 1 o 5 44; 
* { y 7 5 * 8 =" 
7 1 ? N 4 5 TO | " 1 
N — 50 1 ” J ” : * 
1 - p 5 » . 1 \ : Ks 4 T's _— p 
> k 3 os * 5 1 2 2 - i 3 
7 , : 1 £ . 5 N : 1 
* " * = £ : 4 
5 « \ 4 
* v . Ut . 
* * 
1 44 1 
— 1 "I A + 
FN, . 2 * ” : 
p * — - * * at 
2 v 92 * ES —_ ö 2 . : 
On . f 3 - 6-4 =; 
8 1 ; q : 4 9 
4 4 S hae. 2 2 * 5 7 
* — 1 ; 1 8 oy * S ICE: 4 n 1 
2 * « 4 F * wank F994 * * 7 ” 
* 1 A L * * C 5 FR] 4 „ 3 " * 5 o $f * 
* * A a proc b * * eee erer 4 F 4 * * © - ar. 
| * . 1 | [\ + hangs mt hour Serra eye en ee eh 4 2 a p 
I * 1 1 8 : 4 +. % N fag L A * N ths es > J * 
5 0 x ” bas ; : is = % 8 * 8 1 * , 8 * 40 : 2 N 2 * 7 
* y * * 7 4 2 — ——— 3 " x 
, : — W 1 
- * 3 os PP. is. * * 33 4 » „ " 
1 1 83 1 " c Fa Ie 1 4 Tx p< N * bf "Tx * 1 
of 3, 4 ” 2 Ll * ute 7 4 8 — d 7 "WE V5 b 8 * - 
vr N N % 2 "BS. At 2 2 9 4 *. ” * 
* 4 St 9 A* ) S + - i 2 > : 
4 * : 1 5 5 Nw? „ bs n 2h £5 1 4. | 
L 4 : N * : T) 
- F : * 1 — * 1 
: 5 Pg 1-4 . o 
* 
5 , 8 ; ; « 1 
* £ * 2 ba * 1 , * 
, * N t * . ales 1 * bd V4 - — 
f ; f | = : \ 1 
9 1 8 
I a 4 N — . f 
\F „ 15 — . * 2 
. . 2 aw N 1 * T » k : 
— 2 $ A 5 * 
8 - # * * 4 a 
. * 3 1 « - £ * 
p : 26 3 „ $ 
1 6 * 7 4 e £ * % * * 2 . * 
11. / TY * x : . * SF. 7 
1 t 4 1 
2 5 # k * . 7 VE a 
- 43 * n 2 i f * 
5 - ; | 
K = 2 7 \ - * „ * * * 
« } . 7 — 1 J 5 
x a * ie « * x N ' ©. } ; 
* — © 4 F 2 
* - * * 5 2 . ö * * : 
nM Ws AREA — i 
RY 4 Oe : # 
4 * - #r-i, 8 i. 4 : wv 1 
4 <4 1 . * . ; ; . 
* 4 n P 7 . 
3 * ts. ; PIP 5 . 8 * b 2 * 
* 2 i [1 fo bd & P q 4 * — ». * * : Y : 
h —_ 4 $4 et k 8 3 1.5 
NG % * — 5 * 5 1 4 3 * r „„ LU r , # 
© ; * * , I'S 2 - p 8 2 * 
_ vYy 4 — a PE * Y 3 A 1 * * . X : Z 
0 3 2 R ˖·˖˙‚ NR - ＋mQuůRͤmiin rr —W,W＋ꝗꝶƷ² ër 9s 0 nt ” 27 * 
: 3 IN, a 
* 4 N F ; ” J 
* <2 ug + I 12 * - r * 3\ [2 = 
F b- * : 2 . * 
1 * 5 s 7 
1 E % Os OS 3 5 * - "oy 
: G 5 * A I -. 
— : * *:, 17 CE * » 
3 " wb Nen 3 . 1 
a 2 p 
Noms Ly pe wes ” . : * 
0 * 1 — * 
N . . 3 — 8 8 - ; 
"gt 18 r . 8 
3 5 4 3 þ 
4 4 „ Eo 2 : % „ 
*##,.5 . ies Win Rh, 8 , 
7 , a 
1 4 U 
” 3 X 
3 5 * 2 2 pe 1 
3 5 $ 
R * "uo" — IX” o 
* £4 TD bs 5 
pon: | 7 D 4 . ; 
* p : A 2 
: . : — 5 
N . — e 1 * XN 
* & 5 5 X + * 
a . GY e p g » 2 2 
* * I * 
* „ 3 4 | ; 
OY 10 * 3* 
* £ % * 5 
A / * * 4 
£ Fu I x * * * 
w 2 38 0 : * 
* A. | * 1 ö 
+ 4 k R ; — £ 
: F * "7 * £ N bY 
1 0 2 . 2 * 25 z * 5 
Sg 24 . ” 1 1 4 3 I»: * E 
= % & 4 v - * x my 1 
* 10 Roar. e * 8 2 x K 4 a - 
2 : * A 1 ** 1 4 7 
1 1 3 7 „ . e bet — wh «af, gripe * 7 
* 6 2 £ 7 7 Bag * Þ 
* 4 * # j — ? - 2 
755 * 8 5 - * « 2 
* SF 4 » + 7 r 1 * 
2 2 4 0 F 5 1 7 
8 8 2 - g 
Ww * ” _ iS 8 . 4% * 
0 2 . * ' 
9 * 8 a ” : 4 LEN 
—— L 6 
. : \ 
p „ * FR + x6 ; 
N * LS. 
4 ä . 7 £ # 5 4 
p F 1 7 * * 5 Ne, Ta . 43 4 4 þ 
Pg * 1 1 * 1 4 . 4 5 
1 * * * N 
5 . « * 3 \ i 
e q 1 * 4 b 
= * 9 4 
% 1 : * # © 
4 * 5 1 4b 1 9 p 
. - ef 6 
A * f * 
« 
* - 
* o 
n » 
* 4 " _ 2 bl 2 — 
p 1 : % > : * 3 4 2 . 5 
k 9 "0 5 * +. * Ft K — 
4 - * vo 1 6 * * X 1 
* 5 % * * * - — 
1 * % , N 
: 5 A X SD ; a Wer 
1 555 a4 0 % OY ; 
+ * 1 9 8 & 2 ep 1-505 * $ * bg 
©, * » 4 > * — -") \ 5 
: L * N f , 5 p 0 we” 4 
% 3 1 * * < 
" 21 j 8 «rr — nne gen. * 
3 os tape 5,7 ye — — d xt 
Fr * 1 = W * We 
: 8 . 3 
e e C0069. e eee Es — — 
72 n 77. te ere e EA Ge. vo . gr, EO : 
nn —— A * Ws — —.— ? 
— Tre 3 2 at 
2 9 8 
4 6 — 4 ey 8 
4 « : * 0 ow , 2 2 4 . 1 * 
F 4 e # r — E 5 
77 8 8 ; # — — . » N G 2 
1 - ; 5 7 1 : "© 3 * & i 
I . %.. > 7 8 N 3 | 
. . » 9 1 
* 
— 1 {4 6 
— 
Af ; * Hl 
7 1 N = 
5 dy * + * % 6 7 1172 2; 
; 4 . A ; . ; 5 
* » - e —— 4 : 
þ . 1 P- 
i — 1 0 A 1 
$ a * 
1 * 2 . 4 +> - ? * 
{ 1 
A PR 
3 ey % , * 
. ” —— , . I 8 bi 
as * a * .. * . 5 * ig C 4 iz 
* * 4 1 ) % *. * * 
3 r ( 5 C'S. 7 1 
n 14 oF : Sn 42 le b * v : (9 
; 8, + 7 „ > ES. * 5 * * I : . 
. : 4 4: at 3 * 5 * : 
iS * F :-- hs watt © * * 2 
A u . * ones Ev : f 
2 N — 593; 3 — *. n DDr — N 2 \ * * 0 L 
an. is J a = rw. D : 10 * : 
1 12 4 446, 1 : 8 Ne Ar 7 
* N . —— hd : Y * wh - £ 12 * „ s 
s £ > L a * . * * 2 * v 4 
44 ; 3 8 = — . AS ets ; 8 
©, Fr « 
- 5 0 * * 00 * — 44 "by 92 4 . " p * 
1 . . 70 5 v5, * — 
p a4 . p 5 5 Y 4 ; * 
* > e ﬀ 1 * be p 4 » * Fad E ©. 1 «+ i ” ” 
24 * * o - 4 5 % % * 1 — 
. + „ $6 1 89 "ſp - N & * 5 = . 
=, f” 4s , — * * 5 : 8 = 
* I. — 0 + * N 7 
4 
Re og * . Je * v 
** A 1 L 0 *:.. 
) L x; 
. * ry 
> * 
* * 14 . 
8 * 1 * 4 . F 
0 : 8 
n A * - 
— 6 N 
* 
1 ' 5 — 
- 7 
% % : 
x 
1 , 
* L » 
F * 1 4 1 
4 6 8 * 1 * £ bl 1 
— \ p ; 83 5 1 
6 2 ; 7 
5 R X . 3 . 1 2 = . 8 . 
bs 7 WP, * 4 n PR" * 3 * PRE _ A I. 4, er wan, . . BST ne a eds „ eee NE ER e * * 
* * { oo 
b : * 
* # * 
< Pg . 5 - 
o N „ « 4 ſ 
* * L * 
4 * p , 
* 0 
F . F ' . 
1 1 . 2: oy " 
; 1 ; 
" : 4 , X » . a » 1 . . ST) a 79 
* 1 * *%; * « « o - * ” — + . 


— 


: — « 
_—— — e * 7 = Pe ic Ea i aa ad 2 0:50 — > —ͤ — Oo OG) „ „ — _- ——ä— — — — _—_—— — — 
—— 1 i — — o N Le * — - : — — 


r 
. 


— 


«tl 
EIS 


. UII Sr on wo mes IO 1 ES AA * 
—— — 
DP 


_ — Do» -- a — 


— 9œü2—2——U)— Ap OD. res * ay ů 


leo of the Rays Gi, as 10 
ject, into a aer Point · in the Re preſentation ; bug Concave-, 1 


„ 


. be wit awed 


* 


to ooncurr _— no Eye at o, much more "ſhall the, C A 
courſe of any other Rays that fall without) 4 e, B dd, ; be ß otra 

nd g; and eonſequently: they cannot convey the Ap- - 
pearance of the Extteme Points, a, b; to the E UA Gt 1 E 
fore it remains, that the Rays that do this, muſt within _. 
ae, bd. - Let us ſüppoſe theſe Rays to. be ac, bf, w which, i in 
their, Natural direct Courle, , would concur at % but hy- 
_ Refractive, Power of che-Concave,. are bent and 
n ae £61 hei 141 DU 


„ 8 * as 
: , N hs . we 


Cel ea CM " 
TACT R 2 n „ * 
Nan r 8 
11 ̃ 0W0e r ˙7˙7˙·˙§ I Og 
— wu ³¹¹ 0 TIE 
n op IS 2 44 „ 5 
1 22 oats 5 * by FIVE - 8 7 
8 l * . En Me BEES * 2 
0 4 5 
« © + mn e 4 * 
. $782 ' , 2 
» 
— 
6 * 1 
23 
—— So 
* 


1 dis ade oe 23 


Glaſſes do not wiite;: but" 


true indeed, a Convex· Glaſ may cauſe - Diſtinct | Bale, N 
f withſtanding a Concave placed behind it or before it (as we 
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Concerning the Diſtin## and Confuſed Appearance 'of Objefts 


through Concaves ; as alſo of their Faint or Obſcure Ap- 


We are here to remember what before is laid down, concern- 


ing 


the Virtual Focus of a Concave expoſed to Parallel or to 


Diverging Rays (in Prop. XI, XII, XIII. G. Corol. Prop. XV.). 
We are likewiſe to take notice, that in Plain Viſion, when the 
Rays from any ſingle Point in an Object do not Diverge more 
than what the Refractive Power of the Coats and Humors of 
the Eye can correct; ſo that theſe Rays may be brought to- 


gether in a Correſpondent Point on the Retina ; then the Ap- 


732. F. 7 rev of that Point is Diſtin#, For inſtanee, Tab; 2. E. 1. 


t the Point a diffuſe the Rays 4b, 4s, ar, ac. Suppoſe 


the Breadth of the Pupil were pq, and the Eye there placed; 

perhaps the Refractive Power of the Eye is not ſuffcient to 
correct the Divergence of the Rays 4 5 b, a 4c. But if the 

Pupil (continuing of the ſame Breadth) recede to v5, then 
only the Rays as, ar, fall into it; and theſe perhaps may 
be reduced by the Eye to determine in a Point on thie 
Retina; becauſe they do not Divetge ſo much as the former. 


If therefore we ſuppoſe the Pupil in its former ſtarion at pq, 
but now only to be of the Breadth i d, ſo as to admit only 
the Rays ads, air, then the Point à may be ſeen as diſtinctly 
as at rs, his is manifeſt even by Experiment; for apply 
a Minute Object ſo near the Eye, that it appears very confuſ- 


ed; then place befote the Eye a very ſmall Hole made with 
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a Pins end in a Paper; The Object ſhall now appear Dictinck. 
For the Hole in the Paper ſerves to make the Pupil more Nar- 
row. Which evidently proves what we have laid down. . 
. The ſame may be thewn concerning Viſion through a Con-. “ 
cave Glaſs Tab. 3 2. f. 3.'a is 2 Radiating Point, whoſe Rays 13 F 3. 

4 b, ac, fall on the Concave h̊ c. Theſe after paſſing the Glaſs = 
Diverge more than before. Let pg be the Breadth of the Pupil, _ ; 
receiving the refracted Rays ap, 44, Thele Diverge ſo much, 
that tis not in the power of the Eye to reduce them, and form 
them into an in ward Cone, determining its Ape on the Fund 
of the Eye. But let the Pupil continue of the ſame Breadth, 
and recede to rs, where it may only receive the Rays ads, air; 
and then perhaps the Eye may prevail to reduce theſe; be- 
cauſe they do not Diverge ſo much as the other Rays that fell on 

the Pupil at pg: Or otherpviſe, let the Pupil continue at p 4, 

But let its Breadth be contracted to di; ſo that it may receive 

no more Rays in this Poſture, than ( continuing of its natural 

Breadth) at 15. Here likewiſe the Appearance of the Point 
a may be Diſtinct. Of this likewiſe we may make a moſt con- 

vincing Experiment: For take a Concave of a ſmall Sphere, 
and place it very near the Eye, and the Appearance of diſtant 
Objects through it is Confuſed. Remove it farther from the 
Eye, and the Appearance ſhall be more Diſtinct. But even in 
a Poſture where the Appearance is Confuſed, contract the Pupil 
by placing before it a {mall Hole prick d in a Paper, And the 
Object ſhall appear more Diſtin&, though Obſcure, which upon 
the removal of the Hole, ſhall be again Confuſed, though 
more Lightſome. Vid. Kepleri Dioptr. Prop. Cc 

Wherefore if we have the Diſtance of a Radiating Point from 

a Concave, and the virtual Focus of the Concave, and the Di- 
ſtance of the Eye behind the Glaſs; we may eaſily by the tore- 

going Rules ( viz, Corol. Prop. XV.) find the virtual Focus of 
theſe Rays. As ſuppoſe in the _ Fig, the — 
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from 2, after paſling the Glaſs, Diverge as if they came direct: 


ly from 3, And conſequently, if in Plain Viſion the Eye at 
rs be able to ſee diſtinctly the Point a, if it were removed nigher, 
be to {ce the Point a diſtinctly through 


as at 2, then it ſhall be a 
the Glaſs. But whether any Particular Eye be able to do this, 


which Glaſs to another Man would render it Confuſed; As tis 
Plain in the Caſe of Aopes, or Short. ſegbted Perſons. 


As to che Strong or Faint Appearance of Objects chrough : 
142. z Concaves; Becauſe the Concave ( Tab. 3 2. f. 3.) ſcatters the 


Rays flowing from the Point a, inſomuch that now the Rays 


ab, ac, ſcape the Pupil pq, the Point 4 ſhall appear mare 

5 3 the Glaſs than naturally. For Strong or very Lu- 
minous. Viſion proceeds from a greater Quantity of Rays or Light 
entring the Pupil; And Faint or 0bſure Viſian from a leſs Quan-, 
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Wia may here conſider the different Effects of Convex and 


= 


% 


is impoſlible to be known by Rule; The Strength and Weakneſs. 
of Mens Eyes being infinitely various. And therefore one Min 
may ſee a Point at a certain Diſtance diſtinctiy through a Glaſs, 


Concave Glaſſes. For when a Point appears Confuſed Ks. 
the 


a.Convex, tis by Reaſon of the Jo g 
Rays that fall on the Eye. And ther 
from the Glaſs towards the Point of Concourſe the Rays that 
fall on the Rye Converge the more; the Appearance is through 
Them {till the more-Confuſed, Works It . e BWV INS I 
But in Concaves; Becauſe the Confuſed Appearance of a Point 


Convergence of t 


proceeds from the Too great Divergence of thoſe Rays that fall 


on che Eye; and- becauſe the farther the Eye is from the Glaſs, 
the Rays that fall on the Eye Diverge leſs than thoſe that fell 
upon it when it was nigher the Glaſs; Therefore through Con- 


caves, 


re, Becauſe the farther 
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*Caves, - the farther the Eye is'from the Glaſs, the more Diftint 
is the Appearance, but ill more Faint. 
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Tab. 32: 74. If the Point a Radiate on the Concave Gals T32 hy 
cd, and the Rays after paſſing the Glaſs Diyerge as if tl 
directly from the Point 1 And the Eye eg receive all or _—_ 
of the Hap and thereby perceive the Radiating Point a, the 
Point b is the Locus 4pparens of the Point a That is, che Nen 


a is ſeen by the Eye, as if it were at b. 
By which we may Obſerve, that the 4pparent. Place of Oh. 
jects ſeen through I A is brought ngher the Eye. And 
hence tis manifeſt, why they help their Eyes, who are ſhort- 
ſighted, or can only. ſee nigh Objects. For theſe Glaſſes miaks 
diſtant Objects ſeem ni 85 Vi Vechales Dioptr. Lib. 2. Prop. XXXIX. 
Here allo, by the way we ſhall Note, That ſuppoſe à . 
Blind Perſon, mo can Read diſtinctly or ſee Objects at the di- 
ſtance of a Foot from his naked Eye: A Concave Glaſs, whoſe 
virtual Focus is a Foot diſtant from it, makes ſuch a Perſom fee 
diſtant Objects diſtinf#ly.,' Vcherefore knowing the Diſtance at 
which a. Pur blind Perſon Reads dliſtinctly, dis eaſie to . 
him a proper Glaſs for his Eye, to {ee diſtant Ober 
ſecond Part. bo $5005 oO Jah :: 
Tab. 32. F. F. Is in all things Cone 


W Ache Dodtne Tax 
laid down in Pro XXXI. Sec. 7. and marked wich che ſame Let- 
ters; ſo that the very Words of that Section may be applied to 
the Concave, as well as to the Can vex. Only the Ima l 
Focus e for the Concave is to be determin d by P 
XIII. XV. and Corol. Prop. XV. Ge: Iſhall not = 
but refer to that Section. 
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To determine the viſible Area, and the Optick Angle or Apparent 
Magnitude of an Object ſeen through a Concave from theſe Data; 
The Power or Focal Length of the Glaſs ; The Diſtance of the 0b- 

jet from the Glaſs ; The Diſtance of the Eye from the Glaſs, and 
the Breadth of the Glaſs. „ r 


T33 FI. Tab. 33. f. 1. gl is a Concave Glaſs, whole virtual Focus 
is given. Likewiſe g x the half Breadth of the Glaßß is given 
alſo. a bc is an Object, whole Diſtance from the Glaſs bz 
is given. And the Diſtance of the Eye o from the Glaſs, o x, 
Let us no conceive the Point o an Object or nigh Radiating 
Point, ſending its Rays og, o , ol, on the Concave Glaſs; 
Theſe (by the foregoing Doctrine of Concaves ) after paſſing 
the Glaſs Diverge more than before their Entrance, and proceed 


4 


in ga, le, as if they came direct iy from a certain Point f. This _ 
Point f or the Line f x; is eaſily determin d by Prop. XI, XII, 
XIII. XV. and Carol. thereof. Wherefore having F X, we may 

2 As F: X g: b (NTX) ba. Which is ha 


ſible . 


ao to the Optick 555 through the Glaß, go 8 tis eaſily 


obtain d in the right - angled Triangle g o x, having g ⁊ and 2 0. 
Draw 40 directly, The Angle 40 hù is the natural Optick 
Angle, under which the Object would appear to the Eye, 
were the Glaſs: removed; This we obtain in the right· angled 


Triangle 4 bo by having ab and bo K Kb. 
| Schelm .. 


= inſtead of the Glaſſes Breadth, we have given the Breadth 
125 · Faz of the Object ab c ( Tab, 3 3. f. 2.) We may eaſily determine 
roll c 5 
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e e K 149. A 
che Portion of the Glaſs through which this obj ject is 1 W ̃ ˖ 
For from the Point f, draw a, Fc, Theſe Interlect the Glaſs. --wn 
ing; I faygl is the Portion of the Glald 0 which the i3 
Odject ac is viſible. „ 
And if che Line f m being drawn dei not . Fall on che Glaſs 55 
the point m in the bien is not viſible through che Glals to che = 


* at o. 
55 .  Scholum 2 Z or 
| The foregoing Problems as it ae to 155 Optick Aogle, oe” ; b 


ay be ſolved another way by determining the Locus Objecti. 
But then to tlie former Data,-inſtead of the Breadth of the _— 
we cannot add the Breadth of the Ob jet, . 
Ibis is Evident from Tab. 3 2. f. 5. To which we may ap- 722. F.5; 
2 the Words of the Second Sebolan, Prop. XIII. without fur. 
ther Repetition 

Example 75 a Calculation e to ET XLVI L apply d 7a Fr. 
to Tab. 33. f. 1. 

Bose 2 bn en 4573. | 

+ Breadth of the Glaſs = g3 = 500 D "© 

Diſtance. of the Object = & = 10000 _ 

Diſtance of the Eye = 30 = 20000 

Half the Viſible _ = _ = 41 Big 5% 1 
| Half Optick An 5. Nuæſit _ 
Firſt by Corol. pre. . 0 45 Fo. Glas: Lor Fo. Gl: xf 1 
That is in Numbers — — 24573 : 200007: 4573: 3723. 9 
Then . . af £45: F e 
That is 8 — — 2372: 300: 13722: 1843. 

Laſtly in the a Fan 80. as Ko: Rad: 2 K 3 
Tang. 4 g OK 1 25. 7 | 
Example Calculated Rub kr to the Method Propos am 
this Second $ chal. Prop. XL VI. but the Letters refer to Tab. 32 1 
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| Half Breadth of = ob ect as N 
1 . ab = 434g 3 
Firſt by Corol. - . be Gl. Focus : b x:: Gl. Web 


That 7 in Num 14573 toe: 4573-3138 
. o Vai d 0 5 
That is in Numbers — — 10000: 1843 :: 3138: 578. 

- 'Laſtly pon ROE ay on Triangle de 0,35 oe (A ze 
= 577783 Rad :: ed: Tang. doe = 1 25 50. agree- 
able to mug n found oy” the immediately preceding Calcu- 

; lation 

I ſball now ſhew, bow by this Method of Demonſtrating 
chs Properties, Efes and Appearances of Cite; Some 
.of the od Propoſitions in Dioptrick Writers may be eaſily 

- proved. | In S the Authors have been very Operoſe, and in 

lome very Obſcure. And becauſe I will not interrupt the Series 

of my 8 weed 1 ſhall th them in the en Order. 


12 KO we XLVII. 


The further 65 Bye i is ; removed from the Genre Glo, 0 the 05. 
* "Jett appears the lefs. Zahn Teleſcop: Fund. 2. Synt. 2. 
14 5 Prop. XIII Dechales ae oy Lib. 2, Pp.” LIL 


—_ * 7 This ismacife From T5 1. 5. Vis tis Conkle 

8 the mage de, in the virtual Focus, as the Object, and as 
© | Jookdatwithout theGlaſs, For the Lines do, fo, which de- 

5 termine the Optick Angle, are drawn directly to the Eye at 6. 

Wherefore if ve conceive the Eye o removed farther from the 
SChaſe; the Angle d ef muſt needs decreaſe, and conſequently the 

Object appear leſs. What is here ſaid of che Concave may be ap- 

7.5.x; ply d to the 1 rh . PRO. 
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This is the goth Prop. of 2 Diopricks.. Wenn be- 1 | 


ſieems to make no Diſtinction between removing the Glaſs from 
the Eye, and removing the Eye from the Glaſs. Whereas there is a 
very great Difference between both Motions to be oonſider d 
in Dioptricks. For in moving the Glaſs from the Eye,. the Glaſs . 
Approaches the Object, and the Locus Apparens Objett is 
ed. But in moving the Eye to or from the Glals, the Locus dppa» 
rens Objecti never alters. Prop. XXXI. Sec. 75 And from his 
Proof of this Propoſition tis manifeſt, that. he ſhould have ex- 


preſſed it thus, 
If the. De be removed from 4 Cancave, þo: lage 11 
* cannot be Jen _ . ee ed 


be. e, 5 her Glas, "did — by. ene fore: 73 
goes, as ſuppoſe at 3 ll rhe Eye be at an infinite Diſtance,” 
and then the Point of Divergence is as far from the Glaſs as tis 
poſſible, viz. in the virtual Focus): draw: 42% Ju, direaly; . 
Loos ſpace 0. gh at e nm 1 ne ac. renn 
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1 Fi. Or otherwiſe. Tab. 34. f. 1. de f is the Locus Apparens Ob-. 
jecti a he through the Glaſs gl; the Eye is at o; og, ol produced 
directly meet the Image in the Points d, 7. Wherefore exactly 
dhe whole Object abc, and no more, is ſeen through the Glaſs 
gl by che Eye at o. Let the Eye be removed to ; If we draw 
J4, qf, theſe fall not on the Glaſs, and conſequently the 
1 Extremities of the Object a and c ſhall not be perceived by the 
Eye at 4 through the Glaſs. ( Schol. 1. Prop. XLVI.) Draw 
therefore 4g, 40, and produce them directly to n and m; the 
Points in the Object y x, anſwerable to the Points n, m, are the 
utmoſt Extremities viſible through the Glaſs g 1 to the Eye at q. 
Which Points y, x, are eaſily determinable by what is laid 
don Prop. XL. Sec. 3. For from the Center of the Glaſs x, 
draw Xn), xm x, directly; y, x, are hereby derermin'd. _ 
A ss to this 48th, Prop. viz. That if a Concave Glaſs be removed 
from the Eye, ſo large an Area or ſpace of the Objeck cannot be 
feen through it. Tis needleſs co enlarge thereon, after our 
ren 
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'The farther a Concave Glaſs is removed from the Eye, The OB. 
jefts are thereby the more diminiſhd , as long as the Glaſs 
continues nigher to the Eye than to the Object. 


This is the 98th. Prop. of Kepler's Dioptricks. We may find 
it allo, In Cherubin's La Dioptrique Oculaire pag. 77. Dechales 
Dio ptrica Lib. 2. Prop. XXVII. Herigonii Dioptr. Prop. XX. 
But in all of them obſcurely and looſely proved. | 
The R is univerſally True, as well in Convex aas 
Concave Glaſſes, only with this Reſtriction in the Convex, 5 
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| That the Object is to be nigber the Glaſs, than the Glaſſes Focal : 8 * 
Length. And then we may expreſs the Propoſition univer- — 
ally thus, e 
a 4 of Con- 


+ iy 
9 ; 
:% 

5 * 
1 

- 

U . 
11 ' 
i 2 

LI 

+ i 

1 

+ YH 
1 | 
*D 

= 
- - 
I 

= 


. 


3 


5 «lh * 
3 ; 5 Pn We” 
r * 
8 «fp * 0 
e 


— 3 . 


. bs 
je” 0 2 hints Y 
, 4 * 
: Ss” 9 * 
. — 
5 4 > 
4 
, l : . 
' 1 x 2 1 
$536 - = 4 WE F 3 i ry A 
a 72 wn CT x, IS 
4 * 3 * * 
. & 1 2 a Meet Wn att 
wo * L 3 5 7 
& * 4 * 3 3 
4 * 
4 * « a "Fx 
- D 
* n ; 
FS 
T7 
. * uy - 
—— 75 * £ 7 . 
—— _  , 5 Th : * FS”; 1 x 2 * 
2 Tk SIR POLL AT ET IT RATES) 2 4 2 Z 
7+ . © TR FF * * 8 he. =" - pe; SE Tao 
+: 3 3 _ > Ck 
' $ * 8 
— , 4 3 
— 5 4 = 7 
; : FR , \ 5 4 2 
4 7 8 5 — we? 8 4 1 — 
ph 5 4. 2 2 is * * : / Sb 7 * 4 1 8 5 4 
: 4 wt % "KA N 7 Bo — 55 
* 5 mY » * LEY wes - 1 N ——— 7 — * „ oy - s Gs I TY ; * 
13 8 3 | . * 1 
ca 4 1 Y 3 8 
5 x "+ . 1 I 4 
* 5 » > 1 yp 7 
—— — 5 J £ . * : 1 8 OS! K 4 * * 2 
3 525 4 E 83 5 ; 3 x5 
; 8 2 1 : 27 * + : % : \ W 7 2 > 2 & 
_— — £ . 1 5 iz - . N 
1 LS Fe : 5 „ 75 3 . ; . ? Thee" 8. 
J . Wo, a 4 4 ; 4 $-- F ' * 8 '» 8 7 
bs * þ Y 3 * 7 ” F * — N | 4 vs 
4 * — * 
* 
. ” a * 
1 * * — 4 * * * . 1 7 x 
p ds 
: + q 1.7 . "FO 8 7 
* 8 , 1 


5 


IT 


0 age 5th 


ous. > —— — 


2 


e 


e 


—— {q__@lw___w_ 


E 


* * 
2. 


— 2 ——— 1 ep 2 — 


. o ¾ ⁰ M  —— ˙¹ . •m..7˙—w. ⁰wvtt! ͤUͥUb . 


» whe, N 1 5 


o * R 2 n rr 8 9 ME + = er. 
9 IS I" » * * 6 88 * — — * N 2 $$. , 5 " 2 OS * * * Dy OE: 3 2 _ I a 8 Fro * * * 5 * Nt of p 883 27 5 
3 F ² . ˙ . ² , . 7% TI Eee? 3 * " * 2 E ˙—˙ RD} EIS I 5 * N 7 2 5 * 
rr = 5 8 24 SORRY. VSG v.W * N SE. 2 * 5 * \, ”* n 1 FER IT q £ 1 5 5 9 7 1 

9 e * 1 „ FBS <= e * 90 bs $I 9 7 Fs * E F 9 7 * * 2 ITE jt 5 . 
W 3 1 7 Wy, 3 5 * F 7 x | IR 4 L 9 e . ve oh - o - r 9 * 7 1 

N : £55 7 A n « 1 : * — + HSE >" ge. 4 1 - LE Þ 

: 4 a 4, 2 ©, . * 4 « « wha — 4 * 3 
N 1 , N ; . . IO 2 . - p 5 * 3 . Bos 
3 3 ; * * , n 7 b 2 5 
1 i —— 5 ” 7 4 
* * b x : - — * 
* * 2 1 0 2 * 
LESS » 4 
_ \ 
þ - 4 0 F 8 
: ” * 
I $ 1 6 £ 
0 ” Te 
. » . : R * 
- 
; . ; _ 
G " . — 8 
\. s 
. 


A Convex-Glaſs being equally Diſtant from the Eye and from the 
Object, renders the Appearance the moſt Magnified; and a Concave th 

' moſt Diminiſhed, that That Diſtance of Eye and Object will allow: © 
For the Proof hereof I need offer no more than the follow- 

ing Calculations ( inſtituted according to the Doctrine Prece- 
dent) wherein we ſhall find (Tab. 3 1. f. 3. and Jab. 3 2. f. 5.) T E. 
the Angle doe, ( which is the Angle under which the Objec © 
appears through the Glaſs )- in the ſecond Caſe (wherein the 
Glaſs is equally Diſtant from the Eye and Object) to be great- 

er for the Convex, and leſs for the Concave, than the ſame Angle 

in either of the other Caſes. _ oo 
And by the ſame Calculations we may likewiſe obſerve in 

the firſt and third Caſes, That when the Glaſs is equally remo- 

ved from the middle towards the Eye, or towards the Object, 

the Appearance is equally magnified by the Convex, and dimi- 
niſh'd by the Concave ; for we find in the firſt and third Caſes, 


— —— — * 


pil 


the Angles id oe t... ib 
I fay, this may be ſufficient for the Proof of the foregoing 
Poſition. But to this I ſhall add alſo this farther Conſiderati- 
on. That by the preceding Doctrine, the magnify'd Appear- 
ances of Objects through Convexes, and their diminiſh'd Ap- 
pearances through Concaves, being deduced from the Loci Ap 
parentes of Objects through thoſe Glaſſes. We may eaſily con- 

ceive, Thar ſuppoſing the Convex-Glaſs g | ( Tab. 34. f. 2.) or 734 Ez. 
Concave g (Jab. 3 4. f. 3.) to touch the Eye o, and that the 224 F;. 
Apparent Place of the Object abc is def. The Eye perceives 

the Object under its own Natural Optick-Angle, neither mag- 
nify d or diminiſh d by one or t other Glaſs 
Likewiſe if, in the ſame Figures, we conceive the Glaſſes 
(which are ſtill ſuppoſed of the leaſt thickneſs imaginable) to 
touch the Objects, the Object and Locus Apparens thereof are the 
ſame; and conſequently, the Optick- Angle in this Poſture can 
neither be increaſed or diminiſh d by either of the Glaſles. 
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Wherefore it remains, that ſeeing the Glaſſes do not at all © 
Exert their Effects in either of the Extremes, that is, either touch- 
ing the Eye, or touching the Object: And ſeeing they Exert their 
Effects equally being equally removed from the middle x between 
the Eye and the Object; It will follow, that they Exert their 
Effects moſt powerfully being placed juſt in the middle & between 
the Eye and Object, that is, the Convex by Magnifying, and 
the Concave by Diminiſhing the Appearance. =" © 
And thus much ſhall ſuffice concerning ſingle Glaſſes apply'd 
to the Ze. * WEL ONCE 5 


Fere follow the Calculations. 
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743:.F2| Calculation for the CON VEXTab. 31. F. 3. 
Focus of the Glaſs = 10,000 Given the ſame 
Breadth of the Object = ab = i. ooo in all the Caſes. | 


n FF . s IE 1 < 


Firſt Caſe. Second Caſe. Third Caſe. | 
Wherein the Diſtance | Wherein the Glaſs is} Wherein the Diſtance| 
between the Eye and the equally diſtant from the between the Eye and the 
Glaſs oz is given great- Eye and Object, that is, Glaſs 0% is given leſs than 
er than the Diſtance b.. b =oz, ſthe Diſtance between the 
| on_ the Object and „ Object and the Glaſs X 

aſs b Xx | Eee 


| 


a. 


Ot Prong * 


bz = 9000 | - 
0 == 3,000 | 


- * 4 


„I =6000 þ 4... 

| | Data SEL Data q 
0%= 90000 - r 6,000 Ae * 
| 3 — 1 ; — — — : 
= 4.286 eee e = y0y00' 
ren e ed 10800 


0 12286 0 — o Tze 21,000 oe S N Le = 94,900 | 
| £doem6'8' . 4 e 7 20" | bdoe=&815" 


” Calculation 
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Firſt Caſe. Second Caſe. © Third Caſe. 


er than the Diſtance be. X X 
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Calewlation for the CONCAVE Tah 3 F.. 


Focus of the Glaſs = 16.000" Given the ſame 
Breadth of the Object = ab = 1,000 ; in all the Caſes. 


Wherein the Diſtance] Wherein the Glaſs is Wherein the Diſtance 
between the Eye and the equally Diſtant from the] between the Eye and the 
Glaſs o & is given great- Eye and Object, that is, | Glaſs o z is givenleſs than 

4 the Diſtance between 


tween the Object and the e | {the Object and Glaſs b & | 
Glaſs b. '%. | | mY 
eg b Z = 3,000 1 IX = 6,000 | bz=9,000 | 
Data 0% = 9,000 Data , 02 6,000 | Das 0 X 3.000 
2 e = 2,308 | e = 3.750 Ze ="4937 
e d = 0,769 64 = D ed — 0,526 


be ox T Te = 11.3080 =02+ * e=9,750 „er TZ C2777 
Ida = 3 53 20. L. doe 340 99 L. do e 353 20. 
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 Hitherto we have Treated of ſmgle Convexes and Concaves, 
apply d to the Eye. I proceed now to the Combination of Con- 
vexes with Convexes, and Con vexes with Concaves; Wherein 
the Properties, Effects, and Appearances of Teleſcopes, and Mi- 


croſcopes, of all kinds ſhall be declared. 
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the Eye. But if there be more than one, the firſt Eye-Glafs is 
that next the Object · Glaſs; the ſecond is that next the firſt, &c. 
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e Teleſcope, conſiſting of a Convex Objei-Glaſs and a Convex: 
Hye-Glafs of a leſs Sphere or greater Convexity, is explained. 


1 F.. Tab. 35. F. 1. Let there be a Diſtant Object ſuch as 4 C; 
From whoſe higbeſt Point A let the Rays aa a, mark'd by the 
long Pricks, proceed. And from the middle Point B, let: 
the Rays expreſſed by the continued Lines bbb , proseed. 
And from its lower Point C, the Rays mark d by the round 
Pricks ccc. And ſo Rays from all the other Points in the 
Object. Theſe falling on the Objeck- Glaſs xy , are formed 
thereby into the Diſtin& Baſe fed. Let now the Eye- Glaſs 
gl be placed as far diſtant from this Diſtin& Baſe f ed, as is 
the Focus of this Eye-Glaſs, that is; Let e h be the Focal 
length of the Eye-Glaſs gh! (And conſequently the Diſtance 
of the Glaſſes y) is the Aggregate of both their Focal lengths) 
And let the Eye o be placed as far diſtant (or rather a little 
more diſtant) from the Eye-Glafs g h as is the Focal length 
of the ſame Eye-Glaſs. I ſay the Eye ſhall perceive the Object - 
ABC, Diſtinct, Magnified, and Inverted, 
Firſt, 1 1 the Object is ſeen diſtinfly. For the Rays from 
each Point, being made by the Object Glaſs to Converge to- 
wards the Diſtinct Baſe, proceed forward from the Diſtinct 
Paſe Diverging, and fo fall on the Eye Glaſs. Thus tlie 
= Rays 
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ays bx, by, 5 X, from the middle Point of the Object Br + 
are made to Converge into xe, ye, xe; And croſſing at e, they | 
- flow forward, and fall on the Eye-Glaſs about h Diverging. ; 
| 'Wherefore the Point e being now in the Focus of the Eye. 
Glaſs, the Rays that Arg vos it upon the Eye-Glaſs, after 
po g the Eye-Glaſs become parallel (Prop. VI.) and fall 
>. on the Eye at o; By whoſe Coats and Humors they are re- 
fracted and brought together on the Point s on the Retina (Prop. 
XXVII. Sec. 7.) there painting the lively Image of the Point 
B in the Object. | e 
Secondly, In like manner may we eonceive the Repreſentation 
of the Collateral Points: thus the Rays ax, ay, az, proceed- 
ing from the upper Point A of the Object, are by the Object- 
Glals xy & made to Converge towards the Diſtinct Baſe in d; 
From whence flowing forward they fall Diverging on the Eye- 
Glaſs at I; by which they are made to run parallel amongſt 
themſelves, and are bent towards the Focus at o; where falling 
en the Pupil parallel, they are by the Eye refracted and 
brought together in the Point r on the Retina: There paint- 
ing the Repreſentation of the Point A in the Object | 
Thirdly, That the Rays flowing Diverging from each parti- 
cular Point in the Diſtinct Baſe fe d are brought by the Eye- 
Glaſs to a Paralleliſm amongſt themſelves, is manifeſt from 
Prop. VI; And that the Rays from f, frome, and from d, 
are mixt and confuſed by the Eye-Glaſs in its Focus at 
o (or thereabouts) is manifeſt from hence, that we may 
conceive one Ray in the Cone of Rays g f, or in the Cone of 
Rays XF x, that runs parallel to the Axis yehos, or ar leaſt 
that would run fo parallel, if the Breadth of the Object- Glaſs 
in reſpect of the Breadth of the Eye-Glaſs will permit. This 
Ray, I ſay, by the known Properties of the Convex Eye- 
Glaſs, ſhall be refracted into its Focus at o; and all the other 
Rays of the ſame Cone fg, after paſſing the Eye. Glass, Gy” 
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that is bent into the Focus o, becaule the Point f is ſuppoſed 


be refracted and made to proceed parallel to that dufte Ray, 
jn Cother Focus of the Eye-Glaſs. Wherefore the Rays from 


all the Points in the Diſtinct Baſe are confounded together about 

the Focus of the Eye - Glass. 
Fourthly, Or otherwiſe I ſhall explain this matter thus; If we 
conceive y, a Radiating Point, ſending forth the Rays 5g, 


b, yl: And the difference between the Focal length of the 
Object · Glaſs and Focal length of the Eye - Glaſs to be very great 


(as ſuppoſe the Object-Glaſs to be twelve Foot, and the Eye- 
(Glaſs - Ka Inches) we. ſhall find by Prop. V. the Point o, 
where the Rays g o, Io, croſs the Axis or Perpendicular Ray 
ho, to be very nigh the Focus of the Eye-Glals ( viz, in our 


Suppoſition h ſhall be 3.063 Inches) and let the Focal lengths 
of the Objec-Glaſs and Eye-Glaſs bear whatever Proportion, 
the Point o, where go, lo, ſhall croſs ho, may be determin d by 
Prop. V. But then indeed the Rays that fall on the Eye without = 
go, or within it, do croſs the Perpendicular Ray ho, farther from 


the Eye-Glaſs, or nigher to the Eye-Glaſs, than go it (elf; For 
they 90 not proceed from the ſame Point); And go is onl 

the Refraction of the Ray yg. And therefore, unleſs the dif- 
ference between the Focal lengths of the Object-Glaſs and Eye- 
Glaſs be Conſiderable, the Eye may move conſiderably nigher 
to the Eye-Glaſs, or farther from the Eye-Glaſs than the Point 
o, and not perceive any Alteration in the Appearance of the 


Object. But if the ſaid Difference be Conſiderable, (as it always 


is in Teleſcopes) the Eye can move but very little either Far- 


tber from or nigher to the Eye-Glaſs than o, bur it ſhall perceive 


a great Alteration in the Appearance ( that is, in the Viſible 
Area) of the Object. As ſhall be manifeſted more plainly 
hereafter. #1 713 0 

From all which it appears, That the Pupil of the Eye at o, 
being in the place of the greateſt Confuſion, where the Rays 
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ot al Poitts i in he 118 are mixt together,” adh t ne 
from each ſingle Point fall parallel amongſt themſelves; The 
Appearance of the Object muſt needs be Diſtinct. By Prop. 3 
XXVIII. Sec. * ED 15 
Filfthly, I ay likewiſe the Object is nidgnified. If the naked” 
Eye were in the place of the Object Glaſs at j (Jab. 35. fe, 2+ Nras Fs. 
the Object would appear to it under the Angle aye = = F d. 
That i 85 the Object would appear to the Eye at y, under the 
ſame Angle as the Diſtinct Baſe Fe d, were it an Object, 
would appear to the fame Eye at ). Wperefore let us now 
conſider the Diſtinẽt Baſe Fe d as the Object: This appears to 
the Eye at o through the Eye-Glaſs under the ume Angle gol, 
* were the naked Eye viewing it at h, by Prop. XXXUII Make- | 
1 eb, and draw ß ha, an qf, 44. The Rügle 
5 5 XXXIV. is equal to gol, the Optick- Angle 
pt the eleſcope, and 95 ſame Angle f h d is equal to 
Fd But f 4d is much g nr 4 Sayc the Natural 
Optick- Angle to the Eye fuppoſed at y. and yer much greater 
than the Natural Optick- A005 e would be to the Eye at o. Be- 
cauſe o is yet further from the out ward real Object than y by the 
whole . of the EI Wherefore the Object is 
Fr b e eee Nin 8 57 
Laſtly, 169 5 bject appears Ire ried] This Nac 
dum the very — (Tab. z 5. J 1.) without farther Ex- 735.8. 
plication. For the Object is e in the Diſtinct Baſe, aa 
che Eye-Glaſs does not return it again beſore it arrive at the 
Eye, but tis painted on the Retina r'st Erect; + 
Prop. XXVIIL Sec. 4, J. the Object THe avere Ser Al 
Prop. XXXIX. Sec. 4 $ 


Scßolium. 


The Locus Apparens of an Object through this Glaſs is the 
Diſtinẽt Baſe fed (Prop. XXX! ) as is manifeſt from this 
| Ex- 


„ 2 . — * * I x <a. = PEN wn, 2 4 % ME 
1 rr RPG — “ · , aus n 2 res Hb fora r Ag Wann 
ö J f Re a ESE Gor 20h ba Se 333 3 2 C AN ER Cf A Pr 2 r 
* 2 * Pe of Pp *y * * - 2 WW - $05 Fx. - = ; a n 9 4 2 
* 8 5 ZN 3 NY F C . ha 4 9 * 3 4 2 - ** MY * * 
» . 3 . — . r AO Lad T7 N 5 7 #. 8 7 Fe p 8 d , F 
OW ae R i : 2 J oe Dr 2 EB OE 3 % © EAT EMEA ä 
* * 5 if Rf L i 2 
1 * 5 2 9 * . "A. * n $ . : 8 * 7 7 2 2 > 
Y Py 5 T8 « 4 2 N IF . Nod | % - x v5, 


— p , , ,,, rr e 


— ov Ae * a 
* * MM 


8 Tab. 35. 7.3. Lat abc be an Object, from whoſe middle 
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iment. "Sat: an \ Hair ies in 55 Diſtin Bale, it "I 
= as it were fixt to o the very: Hat Vid. Chap. 5. 
Sec. 3. of the Second Part, 


peer * Leun e 

5 5 E liretly we to or receds cal an 0b ject; it ſhall 

F 4 as the 525 the Semioptick-Angle of one py ſl 

the Tai: of the Semioptick- Angle of t ether Station:: So 

Ceciprocally) the Diſtance of the Eye from the Object in this lat- 

ter Station: to the Diſtance & the He Tow the Ohe in 5 
Former Station. 


Point c erect c e Perpendicular to ab. Let the firſt Station of 
the Eye be ate, and its lecond Station at d; anddraw ad, ae; 
1 ay therefore, As ce: toc :: ſo Tangent of 096 129855 c: 
to the e of * he Angle % 5:7 


| Demonſtration. | 


Wade ca finely towards &, "Gin ex — to 4 4 
The Angle ze c is equal to the Angle à de (29. 1. Eucl.) 
then e c being put Radius, xc is the Tangent of the Angle 

ge c a dc; And ac is the Tangent of the Angle a e c. And 
it ſhall be, As ce: to c d:: lo c: to ac: (2.6. Eucl.) which 


was to be Demonſtrated. 
This is the 3 1 Prop, of Gregorii Opt, bn. but ther orher- 
wiſe Demonſtrated, | 
0 a. A e 
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7 the Hye \ direflly a ppraach bo, or reced fr. an 
rent Bigneſs increaſes or  diming 
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This is ph Cog 98 aur, (Tab. 35. 5 9 ſees « 40135 F3. 
as. big as the Eye at e would ſee xc, by Pra 3 III. Sec. 6. 

-auſe' the Angles. ads. Tec are equal; ; 
arent Angulo, Æqualia videntur. So that the Eye advan- : 
cing from e to d, ſees ac as much Digger, a if, continuing at e, the 
Object ac had increaſed o toc 68. 
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From this and. the laſt Propoſitio tion it i dale chat if of 
Eye directly approach to or recede f Ob 
rent Magnitude increaſes or dimini zeth, as the D. 
one and tother Station reciptoca ly, chat is, the apparent d, 8 


nitude of ac to the Eye at d: is to the apparent Magnitude of — 
4 to the Eye at:: às ce f 6d. : 


* 4 . * LS 5 * 
. #* , : * Pr” 8 
5 * * | E 5 „„ bl pro's. ry E *. 
: I» Z = ; 2 p >; | pA ; 5 as 
a= — 9 * Ex N oF — 9 3 * * 4 6 47 „ 


r 5 1 * * C * 
1 . # * * * 1 Y , © ” * % 
G TITTY. j 3 * * R Fl : 1 * * is 8 : * J R P » Were 5 & * * 1 
e I "i A : 883 VCF ; | 
J „„ E61 1 141 55 54 5 b RE. i 3 N 2 


. i = 17 L : 8 6 ” I 
** * X a 


$5 ab 1 


8 t e Diametral Magnit of an, i Obje&t Dione through 
. Prop. e thr gene Diane Mane 

"2 ect viewed by the naked Eye. at the Sta ton of th — 

Object. fort As the Focal length. of the Objeft-Glaſs : to th : 

| i veal Jengrh the Bye-Glaſs. Eds be 5 HER e ee : 
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T bis is che great Propeſation. aſſer erted. by mat Diopttie 
| ters, bur hitherto proved by none (for. as much. as I boch 


n 


they offer indeed deen and Methods of Tryal t to con · 
firm the Truth thereof, but proceed no ſartlier. 
Vid. (herubin Diop. Oculaire Part. II. Prop. XXI. LIX. LX. 
EXT. Kepliri Dioptr: \'Prop: (XX. Galileb Nomeius Sidereus | 
pag. „ Far P 16535 Boy: N VARY ene TO vids 39 | 
Honoratus Faber in Tris \Symop r Opkicu Pyoßb. NI. for oh 


Teleſcope conſiſting of a Convex Object Glaſs and Concave 


Eye Glaßs; and in Prop. NLV. for the Teleſcope 3 
of 2 Convex Gd bjaRt- Ly Abe ,"indeayours 
1 ſomething; Which heicalls a Demon ins Pacerts 


R * 


Br Whether thar which he'vh l dee w Ut 
Satisfaktib, 1 Leave to theft WMügtnents, "Who ſhall Read hin. 
Dechales in Prop. LIV. Lib. II. — thinks-this: Propoſt- 
tion ſo far from Demonſtrable, that he takes it to be Falſe; and 
ſays, He never met with any Bemonſtration thereof, char did : 
not include manifeſt Paralogiſms. Perhaps he may be right 
in this latter part of. his A — bur che Reaſon lie gives 

fox kris n ahn it 4 Falſe Propoſition is rösifgftl/ W 
and Erroneous: And that or the aceount of an itrartißt 


0 


of Notion and Method, that he tales fer Exp licating dle Mis | 
hifyitig of Tdeſtopes ; eſpecially of the Teeſcope furniſh'd with 
a Concave Eye-Glaſs, wh ich he explains alter ine manner in 
Prop. Ll. 

It were needleſs to irllarpe - in ute matter, I ſhall therefore 
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Rays. J Fg, 55 . h are == 5 = 22 55 —.— croſs 
re gol it n which che Object ap- 

ber, through! the Tar. But che Angle g 04 is equal. 1 
the 
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we Ange] 10 . 
— e 2 XXIV. 30 _ he et d to 
74. AE r i 00 F 
N e 0 Eon Selene p bd Ob- 
608. Glaſs, it wodild perceive the Object under 8 19 85 
==4\ 7c: Rut now deing NS the Teleſeope 5 
the Object under the Angle Ad Let — halfh $12 
He; and conſider fe, half the Di as the Object 
viewed bythe naked Eye at che Station y and q. I 
| Lemma! 1.) The apparent bigneſsof the! bject / at the Seation 

4% Is to its apparent bigneſs ac the Station y : As che Tangent 
of the Angle f qe: To the Tang ook the Angle f J e. 
Hut (by Lemm ud) the Tangent — le f- 155 to 
che — — of: ther Angle F 2: 91A & 10 E 
Thereſore the ignels of tte Ober N at the 
a ——— . 

Af ni of r= 5 pode Angle 
Als. 
wh as ofeebbalf thEObjet-thequy ts 
_—_ er gre erf be prof qe; -Pherefote ae 
an Object viewed chrough & Teleſcepe: Is to 
_ thel —— Mapidtude ef the — bY by 
| the naked Eye at the Station of che Objeck-Glafs F Ns rde 
Focal "the Qbje&iTlaſsr*F's the Focal enge of che 
Eye 1 Which! was to be Dem e 


The fun may be \declared rorherwiſe; ' Thus; Th. 35. ara 


F. 2. Led us che nalted Eye at hieb view d Ober 

rome Meer Diſtinot Baſt fed Thi thverted'Ob- 
thall appear under the Angle fhd (by! Prop; XL.) But 

che Eye at o through the Glaſs perceives the Inverted Irnage 


| of the Objee 00 JG? — yer A to fb d. (by Prop. 
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gures being to each dther, as the Squares of their Diameters, or 
Homologous Sides. SOD, 1 e V9 oF ar oc 10 
Where ore from a convenient Scale take one par, and there 
parts,; and deſeribe another Circle. Let theſe two Circles be 
cut out in Paper, or other Conſpicuons Material, and placed at 
three or four Foot from each other, on a Wall at ſuch a Diſtance 
as will require the length between the Glaſſes in the Teleſcope 


les 
his 
Experiment ſets che naked Eye Diſtant from the Object- Glaſs 
che whole length of the Teleſcope. This would be a mate- 
rial Objection againſt this Method of Tryal, were not the 
Diſtance of the two Circles from the Eyes vaſtly greater than 
the length of the Teleſcope; ſo that the Teleſcopes length may 
not bear any ſenſible Proportion thereto. + And ſuch we ſup- 
poſe it in this Experiment, by advertiſing that this Diſtance is 
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to be ſo great, that the Diſtance between tlie Glaſſes may be 
no longer than for viewing a Diſtant Object, -viz, the juſt 
Aggregate of the Focal lengths of the Glaſſes, that is, 144 
. + 3\=' 147 Inches; that is, ye Seb = b. 
I ſhall now give an Example of a Calculation according to 
this Propoſition. Wherefore in Tab. 3 5. f. 4. let us take the 7:35. F. 
Moon ABC. for our Diſtant Object; and let us ſuppoſe 
its Diameter to ſubtend an Arch of a great Circle of Heaven of 
30 Minutes. Let the Ray ad proceed from its upper Limb, 1 
b ye from its Centre, cy, from its lower Limb. Thele cross 3 
in. the Vertex), or middle Point of the Object · Glaſs xy 2; 
making the Angle fd dye, equal to 30 Minutes, Let 
the Focal length of the Object · Glaſs eq be given twelve Feet 
= 144 Inches, or 144.00 Parts: And the Focus of the Eye- 
Glaſs he be given three Inches, or 3,00 ſuch Parts. Let the Diſtinct 
Baſe, wherein the Image of the Moon is Projected by the Ob- 
ject· Glaſs be fe d, and draw 7 h, d h. It is ſhewn before that the 
Angle gh is equal to the Angle he. 13 
Wbhereſore in the Right · angled Triangle e y, we have e 7 
= 144,00, and the Angle ye = 15% to find fe = O63. 
Then in the n Triangle fe b, we have he = 3,00, 
and 7 e 2 0.6 35 to find the Angle } ber td 4O%cg lod 
Wherefore the Semidiameter of the Moon, which by the 
naked Eye would be ſeen under the Angle of 15 Minutes, is 
ſeen through this Teleſcope under an Angle of 115 1 40. 
Let us now enquire, whether the Object appearing under 
an Angle of 15 Minutes, and being afterwards made to ap- 
pear under an Angle of 11* 51' 400, doth not thereby appear 
48 times bigger than naturally. (for ſo much; by what tore- 
goes, does this Glaſs Magnihe ). 
And forſhewing this, ler us imagine fe increaſed-48 times its 
length o. 63; And then inquire what Angle fy e would be.Where- 
fore fe is now ſuppoſed = 30,24 = 48. times 0,63.; Then 
71 ä e 
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14 105 wn 
in the HR 'riangle fey; we Neve fe 73 0.24, and 
ey = 144,00, to find 'the Angle ye = r1* 54 170. Which 
ſhews chat the Semidiameter of the vx. being made by the 
Glaſs to appear under an Angle of 11* 51 40, is ſeen by the 
Bye as big, as if the Semidiameter of: the NVioon it ſelf were 
really increaſed 48 times, and viewed by the naked Ar 

N Which! is ms re 9 of this neee SIE 
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| 6 Pt tenen 9 * 10 : 
From IWR it b fotloves, That 1 a — — bing 
at one time combined with an Eye-Glaſs whoſe Focus is 1. 
And ar another time wich an Eye-Glaſs whoſe Focus 112. Sag 
ein nete We twice as much as che ne 
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of ng two Teleſcopes of Amen hs; If: che: Fo- 
Kh the ang emo T of the ſhorter bears 1 Proportion 


to che Focus of its Object-Slafs, as the Focus of the Eye- 
Glafs of ehe 1 He to its Object-Glaſs : en wo Te. 
Jeſcopes:Maghifie equal. = 
And hereupon E it m be aer To why end 
then is all the Pains and Trouble in forming and mariaging 
Teleſcopes of 30. 40. 50. 100. 209. 300, We. Feet; When 
| — may be Magmified as much by ſmaller Odject:Glaſles, 

or Object: Claſks of ſhower Focal legs pay gene with Pro. 
tional Eye-Glaſes > | ** { 

I anſwer Firſt, That Object-Glaſſes of a homer Focus will 
not bear proportionably Eye-Glafles of ſuch ſhort Foc, wie- 
out coloring the Object and rendting-it dark, as Objece:Glaſ- 
ſes of longer Fi. For Inſtance, lee us ſuppoſe hat an excel- 
dent Object-Glaſs of twelve Foot Focus will receive an Eye- 


Glaſs 


5 IF» 36: 7 * 
Glaſs of no e a e than three tnckes with Clearneſs and 
Diſtinctneſs. I ſay an Object Glaſs of 24 Foot Focus of the 
ſame Perfection ſhall receive an Eye- Glaſs of leſs than fix Inch- 
es Focus with equal Olearneſs and Diſtiactaeſs, And per- 
haps ir may take an Eye· Glaſs of five or four Inches HFgcus. And 
then an Object. Olaſs of twelve Foot with an-Eye-Glals of chree 
Inches Magnifies but 48 times. Hut an Object. Glaſs gf 24 
Foot wich an Eye-Glaſs of four Inches Magnifies 72 times, 
di. more than the former, Which is 2 great Difference, and 
of wat Advantage, when it may be obtained with the ſame 
Clearneſs and Miſtinctneſs. 1 the longeſt: Teleſcopes 
do generally render che Objects more Dark and Ohſcure, yer 
when ſhorter Glaſles have proportionably as ſhort Eye-· Gla - 
3 een eee chan dhe langer 
eſcopes. 

l anſwer. Secondly, That the * — che Manners other 
Object in the Diſtinct Baſe of an Objec-Glaſ of 24 Foot is 
rwice qs long as the Image in the Diſtinct Bale of an Object. 
Glaſs of twelve Foot. . Andigonlequently we {hall not won- 
der, that the Picture in che former, ſhould be much more Di- 
ſtinct and Perfect, than in the latter; As tis much more eaſie 
to repreſent every Feature and Line of a Face in a large Piece, 
: than ina {mall Piece of Miniature. | 
Grdlay 3 3 0 
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"nk ln Glakbe nn 00 a les Sphere chan the 
Eye-Glaſs (as ſuppoſe the Object- Glaſs formed on a Sphere 


of Tix Inches Radius, and the Eye- Glaſs on a Sphere of twelve 
Inches Radius) hereby the Appearance of the Object ſhall be 
Diminiſhed. And the Appearance through the 25 ſhall be 
to ahes naked A eee as fix to OY of 4 by Nacural 


Ap pearance. 
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From hence it is manifeſt, how requilite it is in relating any 
Phenomena obſerved by the Teleſcope (ot even by the Micro- 
ſcope ) to mention not only the length of the Tube in general; 
Burt to ſpecifie the particular Focus of the Eye- Glaſs, as well 
as of the Object - Glaſs; as alſo the Aperture of the Object: Glaſs. 
For by this means, they that intend to obſerve the ſame Phæno-—- 
mena, may underſtand how to adapt their Teleſcopes proper 
for the Obſervation. This the Learned and Ingenious Monſieur 
Hugens in bis Syſtema Saturnium puts down exattly, pag, 4. —- 
Where alſo we find this Paſſage. Illud in Dioptricis Noſtris De- 
monſtratum invenietur, Speciei per Tubum viſe ad eam que Nudo 
Oculo percipitur, hanc ſecundum Diametrum eſſe Rationem, que — ol 
Diſtantiæ Foci in Exterior! vitro ( Objeftivo Scilicet ) ad illam que 
in Interiori ſrve Oculari vitro eſt Foci Diſtantiam. But hitherto | 
we are ſo'unhappy as to want that excellent Perſons Dioptricks. 
In the mean time, let that which I have given in the foregoing 
Prop. LAN. ſerve till a better be offered, ' ooo 
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Jo Determine the Angle received by a Teleſcope of the foregoing = F 
Combination. The Rule is, as the Diſtance between the Ob- | 
ject. Glaſs and Eye-Glaſs :To half the Breadth of the Eye-Glaſs : : 

So Radius: To the Tangent of half the Angle received, 


73 Fa Tab. 35.f. 2. The Diſtance of the Glaſſes is h). Let half 
the Breadth of the Eye-Glaſs beg h. Then, as by: Togh:: 
So Radius: To the Tangent of the Angle gh, which is half 
_—— the Angle g yl, the Angle received. That is, the Eye at o 
8. - ſhall perceive no more of the Object, than ſubtends this Angle 
1 before the Object-Glaſs. = Schol. © 
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the Eye-Glaſs g 51 (Tab. 3 5. f. 1.) than its Focus at o, it 135 Er. 


ſhall perceive a leſſer Area of the Object, though what it ſes 
| ſhall be as Diſtinct as at o. For let us ſuppoſe the Pupil of 
the Eye at n; The Rays go, lo, do not enter the Eye, and 
conſequently the Points in the Object anſwerable to 7, d, in 
the Diſtinct Baſe, ſhall not be viſible. The ſame may be con- 
ceived if the Eye recede farther from the Eye. Glaſs than o; be- 

cauſe all the Rays from the ſeveral Points in the Object are mixt 

together, and interſect at o, in the Focus of the Eye. Glaſs, and 
thence flowing forward they ſeparate and Diverge. But then 
the Eye at m receives the Rays, that do enter it, Parallel or 
at leaſt a very little Diverging ; and conſequently the Viſion 

is Diftintt, 8 ee 

e Scholium 2. 

From hence alſo tis manifeſt, that the Angle received, or 
Viſible Area of the Object, is not increaſed or diminiſhed, by 
the greater or leſſer Aperture of the Object-Glaſs. For the 
A g) continues the ſame, though the Object- Glaſs were 
all covered to the very middle Point ). All that is effected 
by this greater or leſſer Aperture is the more Bright or Obſcure 
Appearance of the Object. But of this more fully in the. next 

Propoſition. | Ve £99L 07.1: BOOT 2s 1009 eg. 
Env Pxos LV. 


Concerning the Apertures of Objekt Glaſſes. 


> | By the Aperture of 2 Glaſs I mean, that part of the Glaſs 
which is left open and uncovered. And this ought to be va- 
= a” rious 


1 | Monſieur An gout, ( Phil. ſack. N. 4 
that he finds, That the Apertures, which Glaſſes can bear with 


the n part of his Foot) is ſubdivi 
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rious according as we would haye more or les Light admitted. 
It alſo varies according to the various Focal lengths of the Ob- 
ject· Glaſſes. For a ten Foot Object. Glaſs ſhall, bear a greater 


Aperture than an Object. Glaſs of one Foot; and a twent) Foot 


Glaſs yet greater than a ten Foot Glaſs, e e 
But at what Rate or Proportion the Apertures of Glaſſes 
alter in reſpect of their lengths, is not yet Well ſetled. 

Phil. Tranſack. N. 4. P. 5 5.) Tells us, 


4 9 


Diſtindtneſs, are in (about) a Subduplicate Ratio to their lengths : 
Or as the Square Roots of their lengrhs. Whereof he intends 


to give the Reaſon and Demonſtration in his Dioptrica (Which 


we yet want.) But this Ingenious Perſon ſhould have told us, 
when he ſpeaks, of the Apertures of Glaſſes, whether he de- 
ſigns them for Objects on the Earth or in the Heavens. And 
if in this latter, whether for the Moon, Mars, Jupiter, or Venus. 
For each of theſe Objects will require a different Aperture of 
the ſame Glaſs. Becauſe the Strength of their Light is diffe- 
rent. For to view Venus there is requiſite a much ſmaller 
than to view the Moon, Saturn or Jupiter: 
However till ſome better Rule can be found for ſettling the 


| Apertures of Object-Glaſſes (which at preſent I ſhall not pre- 


tend to) I ſhall here Preſent you with Mr. Auxout's Table, as 


tis to be found in the fore-cited Philoſophical Tranſaction, Numb. 4. 
Noting only, that his Feet are Fariſian Feet (which is to the 


London Foot as 1068: to 906) and each Inch (which bs 
is ſubdivided into twelve Lines. For it 
had not been worth our Pains to have reduced the whole Table 
to our Engliſh Meaſure. Vid. Tab. 36. 
have ſaid before ( Schol. 2. Prop. LIV.) That the Angle 


received, or Viſible Area of an Object, is not Increaſed or Di- 
miniſhed by the greater or leſſer Aperture of the Object Glaſs; 


all that is effected thereby is the Admittance of more or leſs 
„„ Rays; 
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alter in reſpect of their lengths, is not yet Well ſetled. 


Monſieur Aasput, ( Phil. Trauſact. N. 4. P. 55.) Tells us, 
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Diſtinctneſe, are in ( abont ) a Subduplicate Ratio to their lengths: 
Or as the Square Roots of their lengths. Whereof he intends 
to give the Reaſon and Demonſtration in his Dioptrica (Which 
we yet want.) But this Ingenious Perſon ſhould have told us, 
when he ſpeaks, of the Apertures of Glaſſes, whether he de- 
ſigns them for Objects on the Earth or in the Heavens. And 
if in this latter, whether for the Mom, Mars, Jupiter, or Venus, 
For each of theſe Objects will require a different Aperture of 
the ſame,Glaſs. Becauſe the Strength of their Light is diffe- 
rent. For to view Venus there is requiſite a much ſmaller 
Aperture, than to view the Moon, Saturn or Jupiter. 


However till ſome better Rule can be found for ſettling the 
Apertures of Object Claſſes | ( which at preſent I ſhall not pre- 
tend to) I ſhall here Preſent you with Mr. Auzout's Table, as 
tis to be found in the ee Philoſophical Tranſaction, Numb. 4. 
Noting only, that his Feet are Parifian Feet (which is to the 
London Foot as 1068: to 1000) and each Inch (which. 
the #, part of his Foot) is ſubdivided into twelve Lines. For it 
had not been worth our Pains to have reduced the whole Table 


to our Engliſh Meaſure. Vid. Tab. 3 6. 


| I have ſaid before (Schol. 2. Prop. LIV.) That the Angle 
received, or Viſible Area of an Object, is not Increaſed or Bi- 
miniſhed by the greater or leſſer Aperture of the Object-Glaſs; 
all that is effected thereby is the Admittance of more or leſs 
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1 5 "oY and Sic t E oe or Obſcure ele 
ance of the Object. Tah. 35. 5. F. J. 5. Let the greater rene, 
of the Object Glaſs 77010 Xxx And the lefler Aperture m n. 


&. Object Pr 
T Ach TRE 2 1 Wo 


x d x; And conſequently the Cone of Rays m 4 

ing a part of che former x, az) ſhall be College a at 5 5 
Cone m dn. But then by, bi is * Aperture m N. 5 che 
Rays dat fall og che ouryard Ring of che e here exprel- 


{ed by x am, Nn. luded vent] 12 
d ſhall not b ke Al with ſo mu 0 60 Fay OPIN 


ture as wide as & x.. And refore  (ſuppoſi 750 666 = 
behind this 1 8 l; Foe 1 4 > = 
A rocket Light from each ang Point in the G a _ 
Dy herd in che Eye * 


brought into che Eye. 
We h e Fo oe Reſend 5 

; » rf ung, | 

ge Incenle. |... | _— 


it ſelf: whole Pup 
articular, Ea 1 65 .Contracrion ot 7 


. Ge 386 A of ap. Qbject 


of a Claes erture is ls 4 is.this : An Ohject m 
ber A: 6. Ap chat ! 9 0 each ſingle Point, [ 
dn the. e fre h of the G ſs, i) we mu 
at the he Glaſs $ not able £ Poe Teh, 525 ) jay 
hem to Deteira zine, Or Dae, in, Viſtinct k 18 wi 
Rays, that 10 Ag he; ble of the, oy 
noted after Þ op. bo 10 D then tis r Mull 
Aperture of the Glaſs, o as to exclude theſe Exor 
A notable Experiment of this v We may make by og: 


4 eſo. 5 a: by applying a Paper wich a Jh nall Pin 
he | Toe, 5 0 the 10 
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n. en con Oy 75 4 e 05 es, al We 
| | Convex Eye-Claſſes is Beplained: ' EN © ik Fl Ft 5 
1 Hate ſhewn in Prop. 1 — '&c. the! Nlatiire 00 Pope if 
che Teleſcof conſiſting of 4 Convex Object-Glas, and Con- 
vex Eye. Glaßs. I have ſhewn bow the image of the Object 
bein 4. nde in the Diſtince' Baſe” of the Gbject- Glaſs x yz 

133 F.1 (T. 35 F. i.) by the Rays from each ſingle Point of the 

Object there uniting,” and flowing forward on the E ye-Glaſs, 
ate Le hat by all col rel together Mind eonformged: in its cut 
e Aon i 1410 in ene 03% 

737. F.1. Now (in Tab. 37. Fig. 13 Let us Cotiibine two Jaw 
Eye. Glaſſes X, 4, with the ſaid Teleſcope of Prop. L. And 
place them fo, that the Diſtance r che firſt Ey Claß b, 
and the ſecond Eye; Glaßß k; 1 & fam of their Foci. 
Alſo that the Diſtance berfreen e ond Eye-Glaſs k, and 
the third Eye Glaſs 1, may be likewiſe the ſum of their Fei. 
So that al the Olaſſes are Diftanc from the next adjacent Gla. 
ſes, the ſum of theit Fi. Only here it may bWhdted, that to 

Que Diſtinct Viſion through this Teleſcope, tis not abſolutely 
neceſſary that the ſecond Eye-Glaſs æ be exactly Diſtant from 
the Focus oof the firſt Eye-Glaſs h, the juſt length of its own. 
Focus; For it may "be more of leſs; but then te Viſible Arta, 

and Mightfied Ap ev of the Objekt ſhall be altered: As 
will be manifeſt a frerwe have explained this Glak to thoſe that 
 confider i T7 tate 

It is then Aide this ths firſt Eye. Claß h mixes all he Raj 
- Gel different Points in the Focus at o; from whence they flow 
forward, and fall upon the ſecond Eye Claſs k, each 8520 
of Key parallel amongſt : themſelves: : And by che Glaſs k are 
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formed inte de ſecond Ditinct-Baſe an ß 
| the: middle Ray 7 n to proctec directiy from 0, the 
: Nee of the Glaſs k; wherefore o q ſhall be refracted. by the 
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Glaſs k; and be made to run in 2g parallel to its Axis A m. — ht 


then all che other Rays that ate parallel.ro 0q\ before they enter 
the Glaſs &, after they have paſſed the Glas k, do unite with 
q Ein the Focus of the Glaſs k; and ſo me ſecond Diſtinct, Baſe | 
| mn 18 formed. {4 - 622791 21 71 18111 2 41 
Or other wiſe. 8 We adn che Glasl K to FI ** 
Cryſtalline of rbe 7 : 'topking chrough: the Teleſcope of 
Prop. L. hy. And as the Cryſtalline in that Caſe does by 
means of che Class h lem i in, its Focus on che Retina; —— 
'of che Diſtinet Baſe e 4; {OO One imagine the Glaſs & to 
form in its Focus g n, by meats. of: the! Glaſs bh, the Jag 
| (of the Diſtinct ſe f e d. 213, non in 1215 Abne d: e 
2! "Then from the ſecond Diſtinct Baſe. gun che Rays proceed 
_ (as is expreſſed in the Shen and fall: on the third Eye Glaſs 
By whoſe means we may imagine the Diſtinct: 5 — 
projected diſtinctly on the Retina of the Eye r ſt, in the lame N 
manner as is ſhewn before in the Teleſcope of Prop, I. 
And here we may obſerve that the Icnage on the Retina rst 
is biverted, therefore the Object a Erect. Prop. XX VIII. 
Sec. 45 5. O uns SAS? 1 298: / 163307394 203 ions: | 
And we may conceive this fort of Teleſcope as a double 
"Teleſcope of Prop. L. For the Glaſſes h, ), make one Telel- 
eope; And the Glaſſes k; 1, an-other.: And 28 the former 
by it lf Horrtr the Obje& SOthe latter wich the ſormer ge- 
verts the Inverted Image; and conſequently makes the Object 
appear rect. Let it has been lately Publiſh d in the Journal des 
Scavans vy. Sept. 1685. as a very dücbeule Problem in Bioptricks, 
why four Glaſſfes in this Kind of Teleſcope repreſent Ob- 
jects Erect? I think I have ſolved this Problem to ſatistaction, 


Een 22 5 Anſwer is Publiſh'd Nan. 187. of the London de, 
Phic 


Kl 


Hiſtorique de | Anne 1 688, Tome 3. pag. 3 29. But the Learned 
Author of this latter in his Tranſſation has miſtaken my Senſe 
Dope in one Particular. I ſhall: therefore Swe ie bart again, in cho | 
| Prom Second Part of this Work Chun. a2 
Geben Concerning che Magnifying Power of this. Teleſcope; ; our 
thi Trea- Prop. L. will direct us [how to Calculate it. For by thar 
. Propoſition tis manifeſt, that if the ſeveral Eye. Glaſſes . 1 
7 6 of equal Foci, and che Diſtance berween 5 and & be the ſum 
of boch their Fari, that then the apparent Diametral Magnitude 
of an Object through the Glaſs, is to the Diametral Meg 
tude viewed by the naked Eye, as the Focus of the Ob 
«Glaſs, to the Focus of any one of the Eye-Glaſſes. But 2 
Foci of the Eye. Glaſſes h, &, i, be 75" On or the Diſtance 
between h and & different from the ſum of their Fei, then to 
obtain the magnified Appearance, we muſt have Recourſe to 
Calculation. Wherein the Caſes on ſo very various, that to 
inſiſt on them all would be very tedious, _ inſinitely labo- 
rious. For the Focus of h may be greater, equal, or I than 
of k orof I; and fo of k than Fly or h; and ſo of I than of k 
or b; As likewiſe the Diſtance between k and b may be infi- 
nirely varied, I ſhall therefore paſs this over; A lire Conſide- 
zation of the ſeveral Varieties will make any of them. plain, 
and ſhew how they may be calily Calculated by thoſe. verſed 
inthe foregoing Doctrine. For tis but conſidering, how the 
Diſtinct Baſe gm n is Projected, whether equal to, greater or 
2 than the Diſtinet Baſe fed; And how the Eye-Glal 7 
this Diſtin&t Baſe gmn to the Eye. 
n like manner, by Prop. LIV. may the Angle received, . or 
| Vile Area of an Object through this kind of double Teleſ- 
£ | be: Determined, as in the ſingle Teleſcope; Reſpect be- 
ing had to the ſeveral On, Foci, Rua of che 
el Eye-Glaſles bk; 


Scholium. 


ical Tranſitions. « As alſo in the Able: Hniverfolle. 09 "IO 
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From the pia of this kind a f Telclope, and: of 
that in Prop. L. may we eaſily apprehend the Theories of the 
various Combinations of N in the Compoſiti tions 
| of divers Teleſcopes of 3, 4, 5, 6 6, 70 8, = Glaſſes. 1 
chen (by dent P e deſcope; we are fil 
to obtain (by ſome — to . — deliver d hereafter 
Part MM. G4 Sec. 3.) the Focal length of each particular 
Glaſs by it fie Then we are to conſider the Diſtances of each 
of bale Glaſſes (as they lye in the Tube) from the Glaſſes 
before and behind it. Afterwards we are to conſider, where þ. 
the Diſtinct Baſe, or Diſtin& Baſes are formed by theſe ſeveral 
' Glaſſes, and how they are Projected as to Amplification or 
Diminution, which is eaſily found by the Doctrine before de- 
livered. And then how the Eye. Glaſſes affect theſe Diſtinct Ra- 
ſes; As how they Confound them, Refie them, Invert or 
Ne nem | Set 
For the Reſult of all is this, cat the Rays from the ſeveral 
Images in the ſeveral Diſtin& Baſes, {hall be Confounded on 
the Pupil of the Eye, in order to be rectiſied by the Cryſtalline, 
which ( as has often been intimated) we may conſider as a 
Convex-Glaſs, whoſe Focus is on the Retma. And from a 
due Conſideration of the Premiſles, it will appear why ſome 
Teleſcopes conſiſting of Convex· Glaſſes repreſent the Object | 
'Ereft, others Inverted ; in ſome one Glals is to be taken as 'one, 
in others two Glaſſes perform the Effect but of ne. 
And thus all the Combinations — Glaſſes expreſſed in the 
8, 9, 10, =, 12. Tconiſmes of Za cop. Fund. 2. Sntag. 3. 
| Cip. 6 6, 7,8, 9 are cli ep , ee herd V. 
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T he Poſture of; the Glaſſes in i this Teleſcop 5 Ns ; wh Y 


' Diſtance of the Glaſſes is to be the Difference of their Foci, that 
is, the Concave Eye-Glaſs is to be aced ſo much nigher the 
obj ect-Glaſs than the Focal length of this Object. GY as is 


* 


the Min Focus of this Eyc-Glals. And the Eye is to be pla- 


ced as nigh the Eye- Glaſs as paſſible: 


Note. I ſhall call the virtual Focus of the N imp y 


its Focus, it being well known that a Concave has no other o- 
cus, hut a virtual Focus. 


L hall now ſhew, that through this Clas the Object appears 


Diſtinck, Ereft, and Magniß d. And ſhall ſhew the Angle re- 
reiveil or viſible Area, axcoiding! to the ſeveral Poſtures of the 


* 
Only premiſing i in this Propoſition 0 as I have e in 2 


en er ) that we ſuppoſe the Glaſſes of the leaſt thickneſs 


imaginable ; and eſpecially the Concave-Glaſs in its middle Point 
is I of no 41 at all, but the two Surfaces to touch. 
Jo explain this Glaſs the better, I ſhall expreſs the Figure 


rena ra very large, Tab. 37. f. 2. Wherein we ſhall firſt conſider the 
Teleſcope it ſelf ſeparate from the Eye. Wherefore, let ſome 


Diſtant Object ( as ſuppoſe a Croſs ).: ſend the Rays 44 a from 


its upper Point, 5 Ty om its middle Point, and ccc from its 


lower Point. Theſe falli ng on the Object · Glaſs x y x are form- 
ed thereby into the Diſtinct Baſe fed. Let now the Concave- 


__ Glaſsgh1, be placed between the Diſtinct Baſe fed, and the 


Object Glaſs x 5, ſo far diſtant from the Dilkinct Baſe, as 
is the Focus of this Concave ; that is, let e h be the virtual Fo- 


cus 


— "the middle Point — JI bx Ks fallin on the Con- 


cave and Con verging towards its Focus e, after 7paſſing rhe! 

| Glaſs become Parallel cual — XIII.). — run onwards: .. 
| be. conceived: of the Rays | 

verge towards: the Fo- 


in im, bey k u. The. ſane 
from the Glsreb erg nch C 
cus in f and d; vix that theſe alſo after paſſing the Concave 
Eye-Glats,: do proceed onwards Parallel amongſt themſelves. 


But concerning theſe Rays from the Collatetal Points, we 


muſt note alſo; That, as it is e e Sec 374. 


Concerning the Convex-E ye· Glaſs gh (Tab. z Fl}; that? T5 F. i. 


ir brings the Rays ,of the Collateral Paints 1 ay 4 ih Parallel 
amongſt themſelves into its Focis at o. So ithe Concave Eye- 


Glaſs. g h (Tab. 37 200 for the: ſame Reaſous expreſſed be: 13 Pa. 


fore in Pyop. L. Sec, 3, 4. Mfutatis Mutandis, makes the vent 
parcels of Rays from the Collateral Points, after paſſing it, to 
Diverge, aß if they proceeded directly, from the Point n pb; 


e ain hea an... 
Concave Eye class 2e beg being full — oo 
proceed i in the Explication of this Tel —— And therefore 


now let us apply che Eye wem And this alſo in a large Fi. 


55 gure, Tub, 37. » 3 1 ui, * he 0 + 3 "34 1 * 181 1031. 109137» Ez. 


I ay firſt, the Object appears cheek this Glaſs. Di Diſtind).; Por 
by what foregoes the Rays from each ſingle Point, do fall on 
the Eye Parallel amongſt themſel ves; And therefore each Point 
(by Fr. XXVII.) is diſtintHy repreſer<ed; on the Fund of the Eye. 


I fay ſecondly, the e appears ect. For tis manifeſt 


by 85 Inſpection only of the Scheme, rhat the Rays flowing 
from the lower Point 5 the Object, are Terminated at t the 
upper Part of the Retina. And the Rays from the upper Point 

the Object are Terminated at r the lower Part of the Retina. 
80 that hy Image is painted inverted on the --- "4 And chere- 
fore by Prop. XXVII. the Object. * Erect. 5 


Vi 
* 


2 


ds. eee 3 Fe. 


I ſay | 


Proof of this 


7.37. F. 2. by 


'E lay tal, | che Objed is Aer this dag. For ie 
his we are to remember, 
XXXVII. Tis there declared, tharif rn Object be Projected 
à Convex-Glaſs ) 1 Tab; 37. F. 2.) in the Diſtinct Baſe 
fed; And che Eye be placed any — between the Glaſs and 
che Diſtinct Baſe, as fuppoſe at þ, draw f h, dh, and the Object 

appears under the Angle F bd, Which i mug E ue than fy 4, 
2 natura Optick- Angle. The ſame will d. tho | 
interpoſe the Concave-Glats gl; fot the Ray x g * 


jects lower Point, e Ae to the Axis - ye, is Refra-: 


credd into g t, as if it came directly from the Point p. And fo 


the Ray x I from the Objects upper Point, that runs Rarallel 


to the Axis b yhe is Refracted into br, as if it came di irectiy 


from the fame Point k [If therefore we pole che Rays x g f, 
xis 


214, Parallel 1 yl Wei {hall be equal to fd; And 


pb belag by depp N be Pacalie en 


Angle g 


bf; And pr ons Pars lel to hd. Agd conſequemiy the 
hall be equal a0 e Age bd. Wherefore the 
Object 2 this Glaſs appears underithe 9 Angle, as we 
may imagine the Apices of the Pencils F, d, would appear to the 
naked Eye at h (the Concave Eye. -Glaſs being removed) And | 


: e the Object appears Magnified. 


The e Area, or Angle Received by chis Glas i 1s Diver. 
mined by the Aperture or Breadth of 42 Eyes Pupil. For tis 


137. Fa manifeſt, from Tab. 37. f. 3. That if the 2 e of the Eye 


or Angle Received, For let us ſu 


were not large enough to receive the Rays from the extreme 
Points of the Object, it would not perceive the whole Object 


through this Glaſs. Wherefore by the Breadth of the Pupil 


given, as alſo by the Focal Diſtances of the Object. Glaſs and 
Eye-Glaſs being given, we may eaſily obtain the Viſible Area, 


e that we find from dab 


J Data, that the whole Object Projecting the Diſtinct Baſe fe d 
T37.F2 * 37. f. 2.) would be Projected in the breadth of the 


Pupil, 


— 
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in the XXI. Bs Sec. 4 | we bave conflict! the Locus 
Apparens of an Object, Projected in the Diſtinct Baſe by a 
Convex-Glaſs, to the Eye placed between the Glaſs and Di- 
ſtinct Baſe. And if the 2 of the Quere, which there 
ofe, hold true; The Locus Appareis bf fie idle Pointof 
the agen rome abun, 2 vs $ at y. . 
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equal 1 85 ore h of this Conca be repo 
apply'd "(35 Girectad in Prop: L. 9 to this ſame Object 

K & in Tab. 371 f. 1 r wd wiagnifie the - 
with this Concave : And from henèe it 12 — 
3 ee e LIII. . the 5 us Tae 
cope, may be a Teleſco wi 

a2 — Ele Bore then 8 Spear i e of the Tele- 
ſcope in Prop. L. beyond . of this P Propoſition, i is molt ſig-· 


nil in this particdilar, lat it receives a ver) much eel An. 
1 "or thews es che Eye a eee ter p&p of the Object. 


bebe Pre 
7 50 #1 2 JL WE | 421 875 


- * 
* ? Mi) » 1 # "Ix " $44 den 3 E 1 4 $796 4 
5 2783 [4 3. I « AN LS N af 10 Sci. 1 CJ ; : I® ) $ „ 8 4 1 5 EO ST SITS * "4 BR | : 15 


1 


; 27130 1 601 11 1 1 Corollary 1 a 2 


eee Kerk the *Coricave ln of KT 0- 
pon e not le great a 7 5 che Obe " "Th 


AMS: is 


— 


wr * 
Aae eee Foo? 


* n ld brd 


Object, after they have paſſed the Eye-Glaſs, and are thereby 
ſo much Divaricated; if the Eye recede, the Pupil ſhall not be 
broad enough; and conſequ noo! _ 0 ee leſs of the Object. 
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_ 10 ga ys move upwards\or.downiwards;ror-to:ione fades; 
MH or t other of the Eye: Glaſß ( ſuppoſing the: Eye· Glass inuch 

roader than the Pupil ) it perceives conſecutively different parts 
127. Fa. of the Object. Thus ſuppoſi ecinufg. 2. Tab. 37. The Pupil 


placed — the middle of the Eye-Glaſs at h, and not broad 


e Object: If the Eye move u pag it will meet; with the 
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for view- 
ing Di Objects. We come. now, ro treat of. Glaſſes for 
1 minute 7 5 .Qbjects; commonly called, Micro/copes.” 
le Theo of the] D on What. eee hat p 
* We | have no DCC g upon | 


And firſt for Microſcdpes conſiſting of a ſingle Convex G 1G, 
la theſe the Object is ulually placed either in the Focus of the 
Glaß, or a little ni er che Glaſs. than the Focus; And the 
Fyp 1 15 Placed 3 in or; a 53 the Focus on Cother ſide the Glaſs, 
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" df to double Microſcopes, or Microſcopes ca ing of = 5 
than one Convex-Glaſs, wherein the Object is Projected in a 


ä 95 — Let the Focus of this Object: Glaſs hel at h. Then the 
Focal length y p, ſhall be Projected in the Diſtinct Baſe 7 d, 


: 10 22 verſed in what is already Keie, the yay a bo 
7 ction of the Scheme is ſufficient. 1 
” 8 5 0 the ER e af thele Micro- -- 
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— ſomething more diſtant from the Glaſs; than its 


1 


ſomewhere on t other ſide the Glaſs, according to the Doctrine 
before delivered Prop. V. And of what bignels the Image ſhall 
be Projected in the Diſtinct Baſe is determined by Prop XXVI. 
Let the Eye-Glaſs Ig be placed ſo far diſtant from the Piſfince 
Baſe f d, as is the Focal length of this Eye · Glaſs; And the Eye 9 
ot placed where this Eye · Glaſs confounds all the Rays 20, 19, ä 
which ſhall be about bs Focus of the Eye-· Glas. - 
All things being thus combined, The Effects ol chis mer. 1 
are explained in all things, as in the Teleſcope 3 
che Magnified; Inverted, and Diſtinct Appearance fithe Y 
ti, Andi therefore tis delle : ro:inlarge- farther chereqni: _— 
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xr Rematk ; that whereas for viewing 4 


rr 


thereto about the diſtance of eight Inches: could we approach = 
the Eye thereto, and view it diſtinctly at the diſtanoe of half an 
Inch, the Optick-Angle would be wonderfully magnify'd by 
Prop. LI, LII. that is to ſay, the app⸗ | Magnitude of the 
Object would be increaſed ar the rate of ſixteen to one. Let 
us then ſuppoſe the Eye at y, viewing the Object 4b, which 
would then appear under the Angle ay b 1 1 to dy; which 
is the ſame as were the Object increaſed to the bigneſs df, and 
viewed by the Eye at the ſame diſtance from it as in the fi- 
gure is now removed from df. Wherefore if by help of the 
Eye-Glaſ , the Eye can yet approach to the Diſtinct Baſe 
A ( which we may now repute the real Object) ſuppoſe ten 
times nigher than y is to df ; the apparent Magnitude of dy {hall 
again be increaſed ten times more than before, by the nigh ap- 
proach of che Eye ( ſuppoſe at y): that is, the Object by all 
theſe helps ſhall be magnified 160 times in length, or Diame- 
As to the Calculation of all theſe Angles, and apparent 
Magnitudes, it cannot be difficult to thoſe vers d in What is 


There are various Combinations of Glaſſes in this kind of 
double Microſcopes ; for in ſome there are two Object.Glaſſes, 
that is to lay, one Object-Glaſs of a very deep Convexity, and 

an other of a leſſer Convexity, placed nigher the former chen 
the Projection of the Diſtinct Bale (according to Schol. 1. Prop. 
XVI.) which ſometimes is called a Middle-Glaſs. In others 
there are two Eyec-Glaſſes, cc. But the Theory ef all theſe 
depends on, and is ſo maniſeſt from whar has been delivered, 

I ſhall conclude the Firſt Part of this Treatiſe with a Piece of 
Dioptricks, which though Ludicrous affords an Appearance ſur- 
ring and pleaſant enough. The Explication thereof is much! 

abour d at by ſeveral though it be very Obvious from What ſore- 
goes. Tis this, 1 | „ 


TH) 


* * 0 5% LN. PR fl 3 l 
n. papain of the Mogi Lancer, — cal” of 


Tbe c 8 is | briafly this, Tab. 38.7 2. "4BcD iS 7.38. Fa. 
2 Tin Lantern, from whoſe fide. there proceeds a ſquare or 
round Arm or Tube bn kcmt, conſiſting of two Parts, the __ = 
outermoſt whereof Am a aver the other, fo as that the 

| whole Tube may be lengthened or ſhortened thereby. In the 
end of the ente s fixt a Convex-Glaſs K: about de 
there is a Contrivance for admating and placing an Objeet de 

5 painted in dilute and tranſparent Colours on a plain thin Glaſs ;- 

vrhich Object is there to be placed Inverted. This is uſually 1 
ſome Ludicrous or frightful Repreſentation, the more to divert 
the Spectators: bþ.c 15 a deep Convex-Glaſs, fo in the 
other end of the Prominent Tube, that it may ly caſt 
the light of the Flame a on the Picture de ted hong plain. 

thin Glaſs. And here tis to be noted, that the Glaſs phe is 

only deſigned for the ſtrong Illumination of the Picture de, and 

has nothing to do inthe Repreſentation, and therefore in ſome vw £448 

oſ theſe Lanterns, inſtead of the Glaſs bh e, we ſhall find a 1 

| Concave-Speculum fo placed, that it may ſtrongly caft light 
of the Flame à on the Picture at de. 

Wherefore, Let us now conſider the Picture de as a very 
lightſome Object of diſtinct Colours and Parts. And let us con- 
ceive d e more remote from the Glaſs k1 than its Focus. Tis 

then manifeſt, that the Diſtinct Image of the Object de ſhall 
be projected by the Glaſs k / on the oppoſite white Wall FH at 
fg ; And here it ſhall be repreſented Fett. For now the whole 

Chamber EFGH is dark, the Lantern ABCD incloſing all 
che * 3 SO chart in Effect this nn of the Magick Lan- 
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tern is. no more than what is already declared concerning the 
Repreſentation of outward Objects in a dark Room by a Con- 
. vex-Glaſs, after Prep. IV. (vid. Tab: 14. f. 1.) And here we 
may obſerve, that if the Tube be Contrafted, .- and thereby 
the Glaſs & | brought nig ber the Object de; the Repreſentation KF 
5 f g ſhall be Projected ſo much the larger; and 15 much the " 
more Diſtant from the Glaſs k1; according to the Rules before 
laid down. So that the ſmalleſt Picture at de may be Proje- 

Red at fg in any greater Proportion required, within due limits. 

From hence the Name of eee And conſe- 

uently, protracting the Tube and drawing the Glaſs k | more 

Jute ſtom the Object de, will diminiſh the Repreſentation. 

, and Project ic nigber the Glaſs:k1. B + wc; 

As to the Mechanick Contrivance of this Lantern, the moſt: 
convenient Proportion of the Glaſles, &c. This is ſo ordinary 
amongſt the common Glaſs-Grinders, that tis needleſs to in- 
ſiſt farther thereon in this place. Tis ſufficient to me that I 
have explained the Theory 7 — Anne 5% ohms 3-46 
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On this depends the Theory of the Optick Ex eriment pro- : 
pos d by Mr. Hook Num. 38. Pag. 741. Philoſoph. Tranſact. 
For repreſenting ſtrange Viſions and Appearances. ; ; 
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Refraction and Light, 
Dioptrick Problem. Pag. 
Glaſſes for defrctive Eyes. Pag. 2 

Of Mechanic Dioptrick. Pag. 214 
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F Teleſcopick Inſlruments, Pag. 228 

F the Invention of Optick-Glaſſes, Diſcoveries made 

y them, and other Applications of them. Pag. 231 
Optick Problem ef Double Viſon. Pag. 28> 
Apending e. ag. 


295 


TSS 8 1 ³˙ 9 ͤ K * r 
eee 
. „ en e | 


A. 


* 1 8 1 OW) 131 pak 2 —— (OY "Ip — 1 IR, 


8 
» + i. Lu tes * | Haw h6-we Si 4 £52. Wc y: __ N end m RN c 

7 ” N i { * A F 4 a 

ae wg wor. 461 r e % ** n * . * 8 7; * K 
& by 7 : I s I 
* "whe „ 
6 — 9 — _— 3% 0 "Gai — — _ — - 
4 1 * %, * — l > * 7h 2 v — bs. * 
— 4 2 9 * = 4 4 eB V4 1 © 1 » k C —_— 8 . Log * o ak. $1 Ft 
W PF ; 5 Ko 8 * *% 1 *. „ 8 * 5 8 3 * s 3.9 Joao 8 . „ 8 3 (4 * f + 
$ 8 


j : > y +4 * 2 8 5 "x I : i 3 
. 4 £ l 4 
10 My rien 
«. . ; RI ? 5 4 8 % % 


1 x » 2 4 ; Ne : 
2 * 158 " | 1 * 9 $ p * 5 . «ok, 
4 g : ; * > « 4 a 
: : N * 
» a : q 5 
* — ” 8 * 7 x $ _ Y E 
p : 1 1 7 * £ — 13 
* F * : \ £ 
ag” * ö 3 - ba ; _ * 
HY 4 * . a0 . Fe g 8 0 * Sa a Y, 2 * - 


4 , * * PREY — 4% F# . : s 
. , * 3 L 8 ? 1 : n ; \ 4 
4s - " : 4 * — # Us 
4 4 * ; 
p f N 7 1 * * ; 3 N : 
1 1 Ws" a - z 4 . \ L% Þ - © ö ; : 
ar aVs- 1 0WN IN me COu ty O eat. 


ESQUIRE 


EE Reet which I have ever had for you 
 fmce our 70 Acquaintance, and which on a 
Occaſion I have expreſſed in private, I have 


now an Opportunity of declaring to the Publick: And 
that too 0 


ing Sheets to jon, Dedicating them to your Name, aud 
De voting them and their Aut hour to your Uſe and Ser- 
vice. . Eo 6 

Vo may well remember the frequent Diſcourſes we 
have had on ſeveral Subjects treated of in the following 


Chapters, and on account whereof I firſt ſet on this 


Dioptrical Wark: Aud particularly, I think, our Di/- 


quifitions 


very appofite, that it would be unpardonable 
in me to omit it at this time; by preſenting the follow- 


3 2 N 
Z Ä ˙ Mam. 


nd theref 


by your Acquaintance , and the repeated Satisfaction 
I have had in your apreable (nverſatim; I am 
bound by indiſpenſible Des to make thit dckpow- 
en dk 
I cannot but admire your prudent Choice of 4. 
private, retired Life ; notwithſtanding your great 
 Aavantages both of Nature and Fortune, that 
render you capable of the moſt public and weighty” 
Imploy. By this Courſe, you have an Opportunity 
of enjoying your 1 and improving your Philgſo 
phical Thoughts beyond the common pitch : You can 
took on unconcern d, and ſecurely obſerve the froathy: . 
Sea of Buſmeſs, wherein Men flnttuate ; and ſome 
are ſhipwreckt, ſmk, and periſh, ee. 
Ad becauſe, you, ſeem Careleſs of propagating: 
Jour Name the common ways; ſuffer me to ereilt 
this flight Monument to it: Though I am certain 


at the fame time -, that, if you pleaſed, von may 


raiſe» a laſting Mauſolæum to your Memory ;, 
but you. ſeem above theſe Deſwes ; yet youll fer- 
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0 00 This EF: . 650 2. A 580 Prin. 15 
: 5 ciple in Opticks, &c. (z.) On Occaſion whereof ; 'Of Final 
Cauſes. (40 Farther Explication of Refraftion, (g.) Light 
£ 4 Body, from ſeveral Arguments: (G.) From its being reſi- 
5 ta in its. paſſage through Diaphanous Mediums. (z.) Is 


SELLS ESA 


ing time to move from place to place. (S.). Impoſſible 
v2 increaſed, but by robbing. ſame-other Place of i ai 


(9) Therefore impoſ ible to be augmented uniformly. my 


05 NN the ſecond Exp ent of Part I. I tad? 3 „ mi- 
I dc mention the Natural Cauſe. of Refractim; or why mens. 
= I. the Rays of Light paſſing through different Mes 
— - Ss are refracted at their Immerſion or. Emerſion. I. then 
avoided any. farther enquiry into the reaſon thereof, as being 
more of a Phyfical. than Mathematical Conſideration. But 
at the ſame time, I promiſed a farther Diſquiſition thereon. 
to. be borrowed from a moſt. Learned Author; whoſe rea- 
fon we ſhall find briefly comprehended in this, Thar the Dif; 
frenc Reſiſtance that a Ray of e finds in paſting (for in: 


ſtancep 


a by vrhich the Progreſs of 


_y < ſir 
> hy | | nuing gl 
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* % A 7 S x 
= N 4 
N f T. 
* # 
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12 5 6 One — e Pf, ER A WY and Diop- 
"tricks. By the Learned an Ingenivus G. G. Leibnutzius. 
Principle The chief Hypotheſis co all theſe Sciences, and 

al se of Light is geometrically de- 
termined, may edt s laid down. Light. proceeds from the 

2 Point, to be Phine to be tlightned; that way, which _ 

| all th i e 5 and this i ſt mb D termined, in re- 
e ee tht e 6 
theſe Suh face. But here I take no nqtice of ſorne Iregularities, 
which perhaps may conduct to the Genetacipn © Got Its, and 
ro ſomie other extraordinary Ppenunend, ene. radical 
Opucle are not at alf conlideted, B 
Hence, Wy 2278 by ample 0 pticks,, 1 38. ig. 3 . dire 
Raz procerds rom the Nalaung Point = a the 5 to be illu- 
ſtrated E, by the ſh ſhorteſt direct way, the ſa Wr im conti- 
agg, "that * in the Righ r Line oe.” Wer Z 
170 2 canal the Angle of Ticidence CEA, 4 „ens 
DE BB art equal.” Let C be a Radiating rs the Point 
80 be illuſtrared, ard AB a Plain Speculum : *Tis required to 
Hind in the Specalim the Point E, that reflects the Ray to D. 
I'fay, chat ir ſhall de ſuch a Point, that the whole Progrels, 
Way or Journey of che Ray CEE D, may be the leg or 

Gori, that is poſſible; or leſs than CF +Þ D, ſuppoſing - 

chat we rake any other Point F in the Speculum, - And this 
ſhall be obtained, if g be taken ſuch, chat the Angles CEA, 
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Line EH, let us call); then EL fhall be b, and C E. 
ſhall be vicch)1, which we ſhall call 7 and E G ſhall be 
422+) y—2 þ 1++# h, which we ſhall call J. 
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Wherefore m +y/ic+y ¶ν ggtyy—2 by +bÞ (orm P 
4-19) ought to be the leaſt of all thoſe Quantities that can 
poſſibly be ſo expreſſed ; and tis required to determine y, 
that ſo it may be, By my Method De Maximis & Minimis 
(Vid. Act. Lips. Ann. 1684. pag. 467. 472.) which, beyond all 
that are hitherto known, does wonderfully ſhorten the Cal- 

_ _ culation, it is manifeſt at the firſt ſight, almoſt without any 
Calculation, That mqy ſhall be equal to np A, or that 
np. mq::y. hy, that is, the Rectangle of CE #* nſhall 

be the to Rectangle of E G*m:: ASEHtoEL. Therefore 
CE and E G being put equal, n the Reſiſtance of Glaſs to 
Light ſhall be to m the Reſiſtance of Air to Light :: As 
EH the Sine of the Angle of Incidence in Air C EI: ToOEL 
the Sine of the Refracted Angle in Glaſs G EK. Or theſe 
Sines ſhall be to each other reciprocall⸗ as the Reſiſtances o 
the Mediums. Which was the Aſſertion to be proved. 
Wherefore, if in one Example or Experiment E L be found 
30f EH, the ſame Proportion ſhall hold in all other Experi- 
ments, wherever C and G be taken, that in Air, this in Glaſs. 
If C be in Air, and G in Water, Experiment ſhews, that E L 
ſhall be about + of E H. Boks | RO Ro. 
Thus far this ingenious Author. The reſt of his Diſcourſe 
Nase ef is chiefly employed in rectifying Des-Cartes Notion of Refra- 
Refra= Etion, Which tho founded on the ſame Principle here expreſ- 
rettified. ſed, yet has this peculiar, that he makes Water, or Glaſs, or 
any other more Denſe Medium, reſiſt the Progreſs of Light 
leſs chan Air. But in this particular he is abundantly recti- 
fied by Leibnutzius, who ſhews the Incongruity of that Sup- 
poſition. | ; 3 | 8 . | | | , p 4 
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63.) One thing more there is remarkable in the Learned rr 


Leibnutzius Diſcourſe, which I cannot here paſs over, and that 
is, A pious Reflection which he makes on this occaſion, con- 
cerning Final 'Canſes. For tis maniteſt, that the Ray proceed- 
ing from C, does not conſult with it ſelf, how it may with 


8 Fina 


the greateſt eaſe arrive at the Point E, or D, or G; neither 


is it carried by it ſelf to thoſe Points. But the Great Creator 


of all things, has ſo made Light, that this moſt beautiful, or- 


derly, and admirable Event ſhould reſult from its very Nature. 


Wherefore' they are in a great Error, who reject Final Cauſes 


in Natural Philoſophy, which, beſides affording us occaſion 
of admiring and adoring the Divine Wiſdom, do often diſco- 
ver to us a curious Principle of finding out the Properties 
of thoſe things whoſe inward Nature is not ſo clearly known 
by us, as that we can explain the immediate efficient Cauſes 
and Inſtruments, which the Almighty Mover imploys in produ- 
cing thoſe Effects, and obtaining thoſe Eds. 
nndeed ſhould think it an Attempt worth the Thought of 
ſome profound Plyloſopher, to give an Account of thoſe admi- 
rable, orderly, and beautiful Appearances in Nature, whereof 
we can moſt plainly apprehend the Deſigns and Final Cauſes, but 
can hardly proceed to any farther Knowledg of them. (Thus 
for inſtance, ſuppoſe it were asked, What is the cauſe of Refra- 
Ction? Were it not much ſatisfactory to anſwer, That there- 


% 


FinalCau- 


by the Ray may proceed the eaſieſt way poſſible.) This ſurely might | 


be able to convince the moſt obſtinate Oppoſers of Divinity: 
For certainly, if we can rely upon any Deduction or Conſequence 
drawn out by the Mind of Man, we may aſſuredly reft ſatis- 
fied in this; that ſo many Phenomena, ſtupendous and ſur- 
prifing for their deſigned Contrivance, could not proceed but 
from an Omnipotent and Deſigning Being, Bur if after all, they 
will arrive to ſuch an height of Extravagance, as to ſay, We 
cannot rely on theſe Concluſions, as being all in the dark, and 
| Cc knowing 
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' knowing nothing; let them look to the hazard of tlieir own 
Principles, ho endanger their eternal Happineſs on confidence 
of their own Arguments. But to reſume our Subject. 
Ferns: The Famous. Monl. Fermat has written a long Demonſtra- 
ſtraresche tion of this ſame Principle in Dioptricks. Tis publiſh'd amongſt 


ee. the French Letters, at the end of his Opera Mathematica. Toloſe 


1679. Pag. 158. To which I refer the Reader. 
Farther (4.) But after all, perhaps it may not be amiſs, to il- 
ef ke- luſtrate this Buſineſs of Refraction, by ſome more familiar 


Fraction 


am and ſenſible Inſtance. Wherefore Tab. 3 8. Fig. 5. Let the Pa- 
rallelogram AB CD repreftnt a Ray of Light of this breadth, 
and let it fall on the plain Surface of the Glaſs EF; this 
in ſome meaſure does ſtop its Courſe ; and the Point B enter- 
ing the Glaſs, ſhall endeavour (bur ſlower) to proceed on- 
wards directly to G in the Line AB produced. But all this 
while the Point D, continuing yet in the Air, ſhall continue 
its former motion in the Right Line CD ; but now tis im- 
r for both the Points to obtain what both endeavour; 
or each cannot perform his direct Motion, one ſlower, and 
tother quicker. And therefore that they may both come nigh- 
eſt to what each endeavours, they ſhall both be turned about 
ſome certain Point Z in the Right Line DB produced. So 
that whilſt the Point D in the thinner Medium proceeding 
quicker deſcribes the greater Arch D d; the Point B, proceed- 
ing more ſlowly in the more Denſe Medium, deſcribes the 
leffer Arch Bb; and when they have thus run through both 
theſe Arches, the Right Line B D ſhall obtain the Poſture b d. 
And now that the Point D alſo is emerged into the more Denſe 
Medium at d; and it alſo is now as much retarded as i; theſe cir- 
cular Motions ſhall now ceaſe; for D is not now carried quicker 
than B, and therefore deſcribes not, as before, a greater Arch. 
Wherefore forſaking, as ſoon as they can, their former Pro- 
greſs, they ſhall both proceed in dc, ba, the Tangents to 
1 | 1 | their 


J. 38. F. 5. 
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their Arches. And the whole Ray: | 
brought into the Poſture 4 hc d proceeds onwards directly in 
that Courſe... And here tis to be noted, That whatever Incli- 
nation A B has on E E, the Arches D d, B, or their Semi- 


diameters „Z. D, 2. B, have always the ſame P roportion; to, 


wit, ſuch a Proportion, as the peculiar Difference in the Reſt- 
| ſtance or Denſity of one and-tother Medium does require 


(which. is to be determined by Experiment): For Tab. 3 8. T38. Fer. 
Fig. 6. Let us ſuppoſe the Point B thruſt forwards towards & | 

or N, and that the Medium below E F is petfectly Homogeneous, 
_ equally reſiſting in all Parts thereof; there is then no 


that. is, 
reaſon, Why this Point ſhould not be carried with: an equal 
Celerity towards whatever Part, that is, it ſhall: tend equally 


quick towards Q in the Right Line OB Q (ſuppoſing; its di- 


: | ; 3; 
4 - . 
AB OCD chus bent, and 
4 f us , - HS : 


rection lye that way) as towards N in the Right Line AB N.. 


And therefore the Rays of Light AB, O B, however different- 
ly. inclined, ſhall find an equal Reſiſtance; and the Point B, 


Whether it tend towards Q or N, ſhall be equally. retarded. 
And allo ſeeing the Point D (Tab:38. Fig. 5.) continues in the 7:32. F.3. 


firſt Medium, it ſhall be thruſt forwards with the. ſame Cele- 


rity, whatever. is its Inclination. Whence,'tis--manifeſt, | that 
theſe Motions, or Paths paſſed over in the ſame time, to wit, 
the circular Arches D d, B, ſhall. always obſerve the ſame 


HF 
. 


* 
. 


Proportion, that is, the Proportion of their Semidiameters Z. D, 
2Z B, or Z d, Z b; which Proportion therefore principally 


and chiefly meaſures and determines the Retractions of Rays 
in the ſame two Mediums. And this is the ſame Proportion, 


as is between the Sines of the Angles oppoſite to Z d, Z B, 
in the Triangle Z dB, that is, of the Angles Z. B d, (or ZBE) 


and Z d B. But Z. B E is the Complement of the Angle ABE, 


and therefore (by Def. 2. Part. L) Z B E is the Augle of In- 


cidence or Inclination of AB to EE; and the Angle Z d B is the 


Complement of che Angle F dc; and therefore Z d B is the 
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ation whereof does naturally ſuggeſt unto us, That Light is 

4 Boch. For however the Antient Ayiſtotelians defined it, AFus 

perſpicus quatenus perſpicuum, which 1s perfectly unintelligible; 

yet ſo much we may perceive hereby, that they deſigned to 

exclude it from all Corporeal Notion. But the various Proper- 

ties of Light, that do neceſſarily belong to a Body, are ſo 

many and evident, that they leave no room for any farther 

doubt in this matter. I ſhall mention but a few. A. 

Fromits (6,) And firſt, by this Afection of being refracted, tis ma- 

= nr nifeſt that Light, in its paſſage through this and t other Dia- 

. 277% phanous Body does find a different Reſiſtance. Now tis un- 

0%, conceivable, how any thing, but Body, ſhould ſuffer Reſiſt- 
dun, ance 3 but we may conceive the Reſiſtance, that Light ſuffe: 

in its paſſage through different Diaphanous Bodies, to proceed 

from the Medium Hindering of the Diffuſion or Diſtribution 

of Light through more of the Parts of this Medium, and con- 

ſequently it may be ſaid to be leſs illuminable. For the Nature 

of Light endeavours to diffuſe it ſelf. And on the contrary, 

by how much Light does more equably or uniformly affect the 

Parts of the um, which it enlightens; or by hs much 

ir communicates its Energy to more of the Particles of the en- 

= lightened Space; that Medium may be ſaid to be by ſo much 
: the wore illuminable, or leſs to reſiſt the Progreſs of Light. 

=” | Whence it is, that by how much the affected Parts of the 

=  - Medium are more ſolid and ſmall, and admit between them the 

= leſs Space for any other Heterogeneous Matter, that ſuffers not 

i buy Light; by ſo much the Medium is ſaid to be more en- 

1. Ig btened. But leaving theſe Philoſophical Refmements; tis ma- 
3 | 1 


om wee 
And Contact, either Active or Paſſue belongs only to Body; 
according to that of = Bos fophick' Poet, Tangere enim & Lucretia 
tangi nf 5 nulla pot Res, And our Saviour himſelf, the _ 
Fountain of all Wisdom and Philoſophy, Divine and Natural, | 
ſeems to confirm this Notion ;' when to prove himſelf a. Tie "3 
Body after his Refurrection, He commands his Diffident Dif- | 
ciple To Touch Br.,, n 2018 - 
(7:) The Second Property, hk on: Light to be à Requiring 


time to 


Boch, and a Body moved or thruſt forward, is, That it re. movefrom 
quires time to pals from one place to ahotber, and does it be . 
not in an inſtant, but is only of all Motions the quickeſt. For 
the Experiment proving this, we are obliged to the Ingenious 
 Monf. Romer, who has demonſtrated beyond all Contradiction, 
from the Obſervations of rhe Inmer fions and Emer ſuns of the 
Satellits of Jupiter; - That Light requires the Time of one Second to 
move the ſpace of 3000 Leagues, or gooo Miles, which is near the 
Earths Diameter. He that requires a farther Account. hereof, 
may Per the Journal des Scavans 1 676. Decemb. 7. Philo- 
anſack. Num. 136. Or Mr. Newton's! Incomparable 
Piece, 25 ophie Natur. Princ. Mathem. Lib. I. Schol. Prop. 96. 
Where tis Ale, That Light requires about ten Minutes 
time to come from the Sun to the Earth. And tis moſt evi- 
dent, without this Allowance for the Time ſpent in Lights 
Motion, the Appearances of the Satellits Ecliples and Emer- 
ſions are not is bi explicated by any. Excentricity or other Hy- 
potheſis. But by this Allowance, they anſwer to the greateſt 
exactneſs. And this is a Part of Aſtronomy the moſt correct 
and accurately determined, as well as the moſt uſeful, of all 
others: For hereby Geography may be rectified, the Longi- 
tude determined, and Navigation made more . and ſe- 
cure. For a Confirmation of all which, I appeal to the La- 
bours of the AY Mr. a a and Mr. Halley, | to 


whom 


niet that Reſiſtance muſt proceed fre 


8 r SS on — DL N * * 1 N he... . — - 
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Ei 2 2 (8.) A third p roof chat I S ba a wy 3 
reed, not by any Art or Conttivance whatſoever be incregſed or de- 
N r 8 : 
"bing ſome miniſhed ; 
n the 1 0 
419% magnifie a 6 | nore than a0 
bick Inch. But in this particular I deſire to be rightly under-. 
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that is to ſay, we cannot magnifie (for inſtance). 
the Sun or a Candle, no more than we can 
ubick Inch of Gold, or make it more than a Cu- 


ſtood, leſt I ſeem herein to advance a Paradox. I lay there- * 
ſore, Whenever we lee Light increaſed, tis by Robbing of 
the Light; that naturally ſhould, have been diffuſed through 
ſome other part, to the more enlightened place. Thus for 
Example, In a Burning Claſs, by which the Light of the Sun 
is highly encreaſed in its Focus, or Burning · Spot; We are firſt 
to conſider, that in this Focus the Image of the Sun is pro- 
jected, as being the Diſtinct Baſe of the Glaſs. And ſecondly 
we may obſerve all round about this bright Spot of the Suns 
Image, there. is caſt the ſrrong Shadow of the whole breadth 
of the-Burning:Glals. , For all the Rays from the Sun, that 
would have fallen on this broad ſhaded ſpace, are now brought 
together and crowded cloſe in this bright Spot, there rail ng 
a vigorous Ligbt and yiolent Feat. This is abundantly con- 
firmed by an eaſie Experiment: For cover all the Burning- 


ſlome other part of e. um of its Light; or, by bringing 


| 


* : 


- -Glals,j except one ſmall round ſpace in its middle, juſt the 


bignels of the bright burning Spot in its Focus; and tho there 


be a ſhaded. ſpace round the bright Speck, as before, yet we 
ſhall not be. ſenſible of any Increaſe either of Light or Heat; 


which plainly ſheyvs, that this Increaſe of Light (when the 


Glaſs is all bare) proceeds from the crowding together of thoſe 
Rays that would have.fallen on the reſt of the Glaſs, and 
which (were not the Glals interpoſed) would have fallen on 


the ſhaded {pace round about the bright Speck. 


* 
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- Ther ee ee ie has: whe 10 
iT and that is, that Light is ixcrea/ed/by Reflection, wich- 

out depriving any place of the Light cel ens execeye;,  - 
or, withous undi dale ealightned pers 209 Light thar pron 1 
otherwiſe eſeapè it, or never come at it But if we conhder. _— 
the matter more attentively, we ſhall i it atherwile.. I | 
ler us ſuppoſe an Hole of à Foot ſquare in the ſide of a Cham- = 
gs. that a Candle were placed cloſe to, and jult A 
rde middle of this Hole; there is but half this Candle that now. 
 enlightens this Room, the other half of the Rays prog ling 
directly out at the Hole: Let now a Looking. 2 be placed, 
ſo as juſt to fill opp Hole. the; 1 0 n being = 
vas 2 our at N 


as . as che fd e di i 
is faid of this Luer rap e 
Looking - Olaſs | ecting 7 Kane 

to the Cain 5 che Room, 26 plainly hinder the direct pro- 

greſs of the Rays to ſome other part, 15 conle 10 ah 1 

that part of its Light. Tbis is evident, by, ſuppoſing an Hole _ 


behind the Glaſs; as in. the former Cafe. 7, 

(9.) From all which tis manifeſt, how wainly they attempt, Lighe not 
who offer at increaſing Light Uniformly, that is, equally chrough-e — 
out the whole Sphere of a Luminous Body, or Radiating h. 
Point. Such are the Pretences of thoſe that would perſwade 
the World of Contrivances for making the ſmall Flame of a 
Lamp enlighten ſtrongly a whole Chappel, Hall, or Court, 

by being hung up in the idſt thereof. For theſe things are 
impoſſible to be 12 ed in Nature, and they had as well pretend 


15 create 1 ht; for there is no oth Way of increaſing it; un- 
_ ws Dd * _ eſs 
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les by robbing another part of its Light; and then tis not 


uniformly increaſed. We have a very ſenſible Inſtance of this 
in the eee Lanthorns, now much uſed in London; 
which by the Convex- Glaſſes in their ſides, do ſtrongly throw 
thoſe Rays along the Walks of the Paſſengers, which would 
- otherwiſe (were the Glaſſes away, and the round Holes left 
open) be ſpent on parts of the Streets not frequented; whereby 
the untrodden parts of the Streets are robb d of their Light, 
2 to ſupply and enlighten the Paths where Light is 
have inſiſted the longer on this particular, becauſe there is 
nothing more commonly pretended, than this Invention of 
mcreafing Light uniformly, by thoſe that do not conſider how 
vain the Attempt is. I mult confeſs, could the thing be ef- 
fected, it would be a piece of Oeconomick Philoſophy, the moſt 
pleaſant and uſeful imaginable, and equivalent to the perpetual | 
Lamp (if ever there was any ſuch thing, as I very much doubt). 
The Student in his Cloſet, the Merchant in his Shop, the 
Houſewife in her Offices, would find a great and pleaſant Ad- 
vantage therein. But above all, the dark Northern Climates, 
who are many Days, Weeks, and Months deprived of the 
Sun, would be infmitely obliged to the Inventor, who could 
make the Flame of a Lamp, no bigger than a Barly-Corn, 
ſupply the Prelence of that glorious Boh. OS 85 
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Was unwilling to burden the Firſt Part with Digreſſionsg 
and therefore in Prop. LVI. thereof, I promiſed this Diſ- 
courle in this place. FF 

in che nmel der Scavene, For Mindey . See 560 
Pag. 466. Anſt. Edition We find this Paſfage. 
As Perſpectives of One Convex- Glaſs make Objects appeat 
«© upri ht, which thoſe of To Convex-Glaſles invert; and again 
c hole of Three rectiſie: So it ſhould ſeem, that thoſe of Four 
© ought to invert. And yet Experience ſhews us that Objects 
© appear upright through theſe Glaſſes. The ſingularity of this 
© Phenomenon obliges all skill'd in Dioptricks, to enquire the 
© reaſon thereof; 1 hitherto they have found none. Monl. 
© Regis, who applies himſelf particularly to this Part of Na- 
© tural Philoſophy, believes that be has hit upon the Reaſon, and 
makes us hope that he will ſuddenly publiſh it. 
Thus far the Journal: But does not tell us whoſe Remark __ 
this is: I am apt to believe, twas written by Monſ. Regis 
himſelf, to the Publiſher of the Journal. © 

I To me this Phenomenon appears very eaſily explicable from 

the conſideration of placing the Glaſſes in a Teleſcope, - And 
I wonder that any one, who pretends to Skill in Dioptricks, | .  _ 
ſhould make a Difficulty of it. The poſture of the Glaſſes = 
in the Tube is thus; After the Object-Glaſs, the firſt Eye- _ 
Glaſs is placed ſo much diſtant (towards the Eye) from the 
Focus of the Object-Glaſs, as is this Focus of the Eye-Glaſs ; 
ie T"" "I8 


*: 4.58 


| 

1 

| 
| 


from the Focus of the fit Fye-Glaſs, as is the Focus of this 
middle Eye-Glaſs. Laſtly, the neareſt or third Eye-Glaſs is 
placed ſo much diſtant from the Focus of the middle Eye- Glaſs, 
as is the Focus of this neareſt Eye. Glaſs; and the Eye, Reel 
cok h them all, is 2 de in the Focus ot this ene. Ey e-Glaſs. 
therefore firlt, chat one ſingle Convex-Glaſs, 90 pro- 
py 15 ſaid by it /af, V, to ſhew Objects erect or reverſe ; ; but 
Ref te reſj pe of 2 acing the Bee that looks through it; and in 


Object Diſtance from it. For if the Eye chat looks 
e h 2 a ſingle Convex-Glaſs, be placed nigher thereto: 


than be Glaſſes Focus or Diſtinct Baſe, diſtant Objects ap- 
pear ereft: If the Eye be placed juſt in the Focus or Diſtinẽt 
Baſe, diſtant Objects are neither ere or reverſed, but all in 
Confuſion between both, And if the Eye be placed farther from. 
the yy chan the Focus or Diſtinet Baie, diftant Objedts are | 
rever ed. 

This being laid down, 1 aſſert, ſeeondly,. Tha the Ob- 
TY Glaſs of a Telescope, cConſiſting of a Convex Object- 
Glaſs and Convex E e-Glaſs, reverſes the Object, both to the 
Eye-Glaſs, and to the Eye that looks rough For the 
Eye-Glals is placed farther from the Object- Glaſs, than i is the 
Focus of the Object-Glaſs. And the Eyc-Glaſs does nothing 
towards the reffifying or reverſmg. Thus we ſe the reverſing 
of Obj _ in a Te eſcope of two Convex-Glaſſes, proceeds 
wholly from the Object. 900 and its Poſition; and the Eye- 
nothing to 0! in the Affair: For were the Fe it [elf 
in 235 ace of the Hye-Glaſſ, it would lee the Object inverted. 

through the ſingle 0bjef-Glaſs. 
I come now to conſider the ſecond Eye- Glaſs placed after 
che firſt Eye-Glaſs. And here it is manifeſt, that placing this 
as it ought in a Teleſcope; if we place our Eye nearer to this 
middle Eye-Glaſs — its Focus the Eye ſees the Object in- 


verted 


ki the ſecond or idle Eee. Glas 1 Places 0 much wikis _— 


vertel and confuſed : Place | 
Object all in confaſion, neither ert not reverſed, For here 


again, there is a diſtinct Repreſentation of the Object to be 


received on a piece of Paper, as in the Focus of the Object 


Glaſs.; and the Eye being placed at any time in this place, 
q ers all inc condulion, (ll wht R 

manifeſt from the Firſt Part, and therefore but lightly ronch'd: 

here). But then let the Eye be placed farther from this mid-- 


being in the Diſtinct Baſe, ſees all in con 


dle Eye- Glaſs than its Focus (for ſo is the third ot immediate: 
Eye-Glaſ, it being al ways diſtane fem che middle Eye Glaß, 


and ccd... 
L.aſtly, the third or immediate Eye-Glaſs does nothing to- 
wards, the erecting or reverſing the Species, which it receives erst 


from the middle Eye-Glaſs; no more than, in 2 Teleſcope og 


two Convex-Glaſles, the Eye-Glaſs does to the Species it re- 
ceives from the Object-Glaſs; as is ſhewn before. All which. 
will be manifeſt from inſpection only of Tab. 3,7. Fg. i. 


© Wherefore we are to conſider the Teleſcope conſiſting of a 


Convex Object-Glaſs and three Convex Eye. Glaſſes, ad 10 
Teleſcopes, each conſiſting of two Convex- Glaſſes. The firſt. 
conſiſts of the Object - Glaſs and firſt Eye-Glaſs, and this in- 
derte the Species; that is, the Species is inverted in the Diſtinct- 
Baſe of the Object Glaſs, and is ſo brought to the Eye. The 


ſecond Teleſcope conſiſts of the two immediate Eye-Glaſſes, und- 
this erects what the former inverted ; that is, the Species in the 


Diſtinet Baſe of the middle Eye. Glaſs is rect, and is ſo brought 


in either Caſe, having nothing to do with the erecting or in- 


verting, but merely in repreſenting in the ſame poſture the Image 


immediately before them. 


The French Problem ſhould not therefore have broken a. 


Teleſcope of four Convex- Glaſſes into four Pieces, but into 
nnn nne en,, 
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| * ak a Cal: Uk: chen 4 3 5 e — 1 
by breaking it into four PerſpeRive-Glaſles, that is attributed 


to two of them, * neither of them docs, 0 Inventing 
and Erefting. 

Therefore I ſay laſtl „ That one AE Claſs (chat is te 
Ob ject-Glaſs) as Sen in this Teleſcope, inverts: The ſecond 
54 is the firſt Eye-Glaſs) does nothing towards erecting or 
reverſing ; but repreſents the Image as it is in the Diſtin& Baſe 
of the Object. Glaſs before it, that is, inverted. The third 
' Glaſs grects, or rather reſtores what was before inverted, The 
Fourth repreſents the Image, as it receives it from the Diſtinct 
Baſe of the third, that is, erect. 

And this 1 think a ſufficient and eaſie Anſwer to what the 
French Man makes a great Difficulty. 

As a Corollary to what has been laid down in this Chap- 
der, we may deduce this Practical Rule for nen or 250 
ting together a Teleſcope of Prop. LVI. . 

Take the two firſt Eye-Glaſſes, and combine them by 
. ſo as to make a Diſtinẽt Inventing Lileleage of 
op. LI. 

Then take the Obj ect. das and firſt Eye Glas, and by 
T als combine — likewiſe. 

ſtly, take both theſe Teleſcopes, and wichone altering 
ch Diſtance 5 Re Tan 1 nh them ſingly, by Try- 
als combine ele Tele , till t eA ance be clear 
aud dif. PIs mom 
W hat is here done by Tryasg may be effected by ua! tl 
g, or deſigning out the Diſtances of the Glaſs from 
ot ar by * their Focal en, 


Cuar, 


VO ae ME +=” Py, 10 15 
* Ger for 4 Haun b. 


1 0 To Eg for old 7 pur. bind Men an A in Dis. 
' _ optricks of great uſe, (2.) Some Rules for chooſing SpeRacles . 
och Fe for old and pur. blind. (3.) Obſervations on Mr. Hook's. 


| Invention for helping Myopes by Convex-Glaſſes. * (4 Tele 
for e Microſcopes adapted to e OR: „ 


| Ere 3 no archer ue « Doppel 2K thes p — 


9 * 
Invention of Spectacles for the Help of defective 2 
Eyes; 3 kth they be thoſe of old Men, or thoſe of ur-blind Bci 


Men; I ſhould think the Advantage that Mankind receives 7 oy 5 


thereb , inferiour to no other Benefit whatſoever, not abſolutely ' 
ite to the ſupport of Life. For as the Sight is the mo 
| bs 9s and extenſive of all our Senſes ; ; as we make the moſt. 
frequent and conſtant uſe of our Eyes-i in all the actions and 
concerns of human Life; ſurely that Inſtrument that relieves 
the Eyes when decay d, and ſupplies their Defects, rendrin 
them uſeful, when otherwiſe almoſt uſeleſs, muſt needs, 4 
all others, be eſteemed of the greateſt Advantage, In What 832 
miſerable condition do we count thoſe, in whom it hath: pleaſf deplorable 
ed the great Contriver of the Eyes and Sight, to ſhut thoſe two ede 
little Windows of the Soul? And we may ima ine, that they, 
in whom theſe Lights are but partly obſcured, do in ſome mea- 
ſure partake of the Miſery. of the blind. How melancholy is 
the condition of him, who only enjoys the Sight of what is 
immediately about him ? With what Diſadvantage is he in- 
aged. in moſt of the Concerns of human Life? Reading is to 
fm troubleſome, War more than Poa dangerous, Trade 
a 
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An 6 Comincice 4ilſome i aſant. And 1 "i 
on the other hand; How forlorn ond — latter part f 
moſt Mens Lives prove, unleſs Spectacles were at hand to help : 
our Eyes, and «fic fhren d piece of Glaſs ſupply'd 'the De. 

cays %* Nature? The curious Mechanick, engaged i in any mi- 
nute Works,could no longer fol low his Trade than till the 5oth. 
| or ach. Yeax of his Age: The Scholar no longer converſe 

With his Books, or with, an abſent Friend i in a Letter. Allaf- 

cer would be melancholy Idleneſs, or he muſt content himſelf 
to ufe an other Man's 2105 for every Line. Thus forlorn was 
che tate of moſt old Men, and many young, before this admi- 

1 rable Invention; which, on this De doo, can never be 

Rules for. © 6 70 And b len che biet Pare hereof, Prop. t 

XI. V. T have bur ſlightly touched om the proper Method fo | 


| 2 fr helping defective es; I think it convenient to proſecute that 
Pur And Matter more fully in this place. 3 fup in wharfore- 
goes in the Firſt Part as underſtood. Deg f 0 


Firſt therefore for helping the Eyes of old Men, 28 being 
more frequently and univerſally N than the Relief of waa 
blind E 
In Wen (Prop. XXVII. Sec. 8: and Prop xXXI) we ve 
aa chat a Convex-Glaſs is here to be uſed : For theſe _ 
diſtant Objects diſtinetiy, and nigh Objects 8 muſt uſe 
ſuch Glaffes for reading, Gr. as make nigh &ts appear ar 
1 or, vrhich briug the Rays from at Baie Paine in a - 
gb Object, as if they came dem a more diftant Point. Or 
xj ſeeing the Cryſtallines of ald Men are too flat for nigh Ob- 
jects, that is, want Conve xity; we are to help them by adding 
do them an artificial or adventitious Convexiey of a Gl; 
Bitches our enquiry muſt be, What is a Proper een © 


this or that 5 Eye? And becauſe reading, or working 
curious ſmal n as 1 2 Objects, are 
the 


| * i 


. 


by che Doctrine in the Firſt Pat. 


7 


Fre be 
Thall be apt to err leſs, and to fit our Eyes better wich Spe&a- 


7 Barrow. + 
Lett. Opt 
14. P. 103. 


* 


ſo univerſally complained of by thoſe who are thus affected, 
as the Difficulty they find in ing roper Glaſſes to their 
Eyes. For the removal whereof, the 


- noted in the Firſt Part, 
can read diſtinctly, or ſee Objects at the diſtance of a Foot from 


A „ 
* 


x 1 * For : y 5 25s . 5 ? 8 oe uy 5 8 
| $3, WL RY $7 I ge 95 2 - 5 22 3 , 

: 4 3 i 7 A q by 

Mig 5 
f f 5 : \ 
* 

” * 8 . f 
Ob- 


by adding an adventitious Concavity. But then, there is nothing I 
7 


ollowing Rules may be 
Firſt, That for eng N Objects, according to what 
rob. XLV. If a ſhort-ſighted Perſon 


his naked Eye; a Concave-Glaſs, whoſe Virtual. Focal- Length 


is a Foot, makes ſuch a Perſon fee diſtant Objects diſtinctly. 


And fo of any otherwiſe diſpoſed Eye. So that knowing the 


| Diſtance at which a pur-blind Perſon reads diſtinctly with un- 
armed Eyes, tis eaſie, by the Doctrine in the Firſt Part, to aſ- 
ſign him a proper Glaſs for his Eye to ſee diſtant Objects. 

Secondly, For Glaſſes 2 5 for Myopes to read by, or to ſee 


at the diſtance of about a Foot and half. Let us ſup- 
ole Eyes fo affected, as not to be able to read, but at the di- 
tance of Four Inches; and that we deſire Glaſſes for theſe Eyes 
to read by, at the ordinary diſtance of about a Foot and half : 


Let us form ſuch Concave-Glaſſes, which, being expoſed to an 


Object ar the diſtance of a Foot and half, may have their Vir- 


. tual 7475 Focus at the diſtance of four Inches. And ſo like- 
en Wiſe for any otber Diſtance, All which is eaſily performed by 
4552 thoſe verſed in the Firſt Part ofthis Worte.. 


8 14. P. 102. 5 We 


| Thirdly, 


: ferent Glaſſes for viewing Objects at _ 
the viſive Faculty not being contained within ory ſick aind 1 
determined Limitations; that Glaſs which is uſeful at an Ob. A 


| diſtance, and for ſeeing pretty large Objects at the diſtance of 


„ 


diſtant fifty Foot; but then tis not ſo helpful at one diſtant 


chey be very large indeed, the) 
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an hundred Foot diſtance, ſhall ſerve Iikewiſe at zn Ober 


five Foot. But another may be had proper even for this Di- 
ſtance, and not ſo uſeful at an Object᷑ diſtant an hundred or | 
fifty Foot. All Which: is manifeſt frem e ae, in wo 
Firſt Part. | ; 
Fourthly, There are do Eyes ſs ilt eonks remec | no 
Glaſſes whatever will relieve them. Of this T have oben heard 


a very ingenious Man and great Philoſopher Sir Willign Petty — 7 


often complain in his own particular. But then this proceeds 
not from a too little, or too great a'Conyexity in the Cryſtalline; =_ 


but kom ſome cher U or ill Ae re not to | 


be relieved by Glaſſes, _ 
- Laſtly, Perſons pur blind labody! mag this great e w 
ence, that the Glaſſes which telieve them in one particular, do 22 
hinder their ſtrong Viſion of diſtant Objects in another Parti- r 
cular. For as Concave- Glaſſes do order the Rays from ans ʒ/ʒʒ 
one ſingle Point, properly to be received by the Eye of a Moh:: 
So at the ſame time, they diminiſh the Appearance 2 whole 
Object. And from hence it is, that tho theſe ſort of Eyes may i 
be well enough relieved for Reading and Writing at a convenient _ 
100, 200, or 500 Foot; yet for Objects mach further, unleſs | 
are ng; ſo eaſily ſupply d. 0 
630 And here I eannot but take hotice of an ingenious inti⸗ Mook) 
mation of Mr. Hooks (to whom the World is certainly much nes 
obliged for his curious Contrivances in Mechanicks, and his other 3, 12 65 5 
Philoſopbick Indeavours) publiſhed in Num. 3. of the Philoſo- 
mt — 5 Lond. 168+, which he calls Vhopibus Juvanien, 
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inverted ; which no one in his Senſes will do, but rather judge 
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iT here ber the lege, 6 uf ee ch 
| Author does candidly invite all, co'comminnicatera the Publick 
what real Benefit by 1 ir, or Object: 
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(4) I ſhall conclude his Chapter with che way of 3 das - Adipei 
ing Teleſcopes and Micro ive K den. \ Which is 2 — 
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FRE :0pe comp poſed 40 onvον Obj GLAS)” n Con — = | 
cave Eye-Glals, Peing apply d to an old Eye, f he) Rye- Glas ũ 
may be a little farther ee from the: Glaſs than or- 4 
dinärily: On the contrary, in uch a Tekſcops.for.the: "= 
ops; the Eye-Glaſs may be \remayed) 2 like x nighen, ˖0 the _ 

Obj ect⸗Glaſs; the reaſon hereof is manifelt rom what has been, 
dance inthe Firſt Part. But then, b arther, or nig ber. 
they are to be reraoved, is only to he deter ned N Erpel. oO 
 menk, and by every ones fitting the Glaſs to his a 5 wy 5 
And ſo likewiſe in Feleſegpes compoſed of a (nne Ob = 
ject-Glaks,, and Convex) Eye-GlaG': Fer e F Nek 45 0 „„ 
tke Eye-Glals may be temoved à little farther - 2 5 che 1 e, 
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_ Glaſs, or from Din Bale Mi | _— 
a little nt rn the Objec F 1 
orderly ectedd iron find bags 25 LR 
In like männer for pts | _ 
Convex for an old EYE is to be | — 
_ the-Obje& ;andf Mops, a lirtlę ngher;thd _ 
| the viſual poſtu 8 97 3s, 7231003 aldgnil: puny | _ 
And ſo in Double fcroſ cone. For aue 8 : = 
Glaſs is to be a little farther: from the Object or. B. ert 3 9 


Biſe; and for 4 Myopr, a little nigher the e or, Hie 
ſtinet Baſe." And becauſe in. theſe, the Di in 
from the Eye. Glaſs 
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whole ba ni her to 
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Authors F, , Icliver at ar che ſeveral | 
treating 0 "It i | 
a 6 Glaſſes, + LY 
£"inding. tier iſbes wherein chey ate 
| N 0 ſeveral ves 
cular Treatiſe 55 it 17 And 1 621% nothing of this kit d 0 - 
| ever yet appeared in Engliſh,” according as I find ae _ 
}, I may perhaps hereafter attempt omething = 
in this way, f the ſatizfaction of. e ingenious Engliſh 
rits, \ Rene ma | | 
W W 7 
3 . eg it, Practice and Experience w 
. ine nn ; F 


Modern Authors that have contrived Engines for Grinding Gl | 
ſes, that thoſe who pleaſe may conſult chem 785 
ſcribes an Engine 
8 e Sherk Glaſſes, 


his Micrographia 
lius in his Se 
delling the Forms or 
in che Firſt Part of 
one for Grinding Conick-Gl, 
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and the moſt 
oblige to > expreſs with much Grat 
me in Paris 1685. 
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. medes, Apollonins, Diophantus, propoſes his Contrivance or Form- 
ing Hyperbolick Gl fles, ; Num. 48. and 53. of the Philaſophic. ? 
11111 iGo rang 
Cen = all farther Endeavours for Forming Conick-Glaſſes, which 
=” Glaſſes -» have hitherro been wholly fruſtrated and unſucceſsful, may 
= =, now be put to a full ſtop; when we haar in this matter the 
die, Opinion of as great a Philoſopher and Mathematician, as this 
„ any Age could ever boaſt of, The Celebrated Mr. Newton of 
Cambridge, Who in his profound Treatiſe, Philoſophiz Natu- 
ralit Principia Mathematica, has fathom d the greateſt Depths of 

MW Nature, and laid a Foundation for Poſterity to raiſe an infinite 
= _ _  Superſtrucure. Thus he, in the Firſt Book, Schol. ad Prop. 
3 XCVIII. AA uſus autem Opticos, &c. In Engliſh as follows, But 
F$ for all Optick Uſes, Spherick Figures are the moſt commodious. If 
= the Object-Glaſſes of Teleſcapes were compoſed of two Spherick-Gla . 
= - Jes containing Water between them, perbaps the Irregularity of the Re- 
_— Fractions that are made on the Surfaces of the Glaſſes towards their 
= - - edges, may be accurately enough corrected by the Refractions of the 
_. Mater. And ſuch Object. Glaſſes are preferable to Elleptick or H- 
perbolick- Glaſſes; not only becauſe they are eaſter and more accurately 

| to be formed; but alſo. becauſe they refract moye accurately thoſe 
1.2 Pencils: of Nays that are (collateral or) out of the Glaſſes Axis. 
Bat the different Refrangibility. of different Rays, will for ever 
binder us from perfecting Opticks by Glaſſes either of Spherick, or 
dA other Figure whatſoever.” And winleſs we can correct the Errors, 
thats ariſe From hence, all our Labour is loſt: in other Corrections. © 
And indeed if we conſider it right, we ſhall find it impoſ- : 
fible, by whatever Figures to render the Appearance of the Col. 
pp lateral Parts oſ an Object ſo diſtinct as the direct; for the very 
k.. natural Eye does it not; and therefore we are forced to ap- 
ly it ſucceſſively directly before the Parts of any Object we 
deſign to view: And we may well deſpair to perform by Art, 
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What this Great Alan means by che Different Ne. 
Different Nhe, —— 1. N33. p. 
N. 84. p. 4087. N. 85. p. 3004. N88. 9. 5084. 
p. 1 N. 421. p. 499. N. 123. f. 556. N. 128. 1 692% © 
the L a, Tranſattions; | an he lays, gong. s, erſectly 
new and moſt ingenious. Theory of Ligbt. 
In the lame Tracts, Nun, B 4, 82, 83. we may 7 an Care Ds 1 
Account of a een They, invented 0 this . = 
20 e ) All er Idi offer ar m te hapter, is, t „ 

lay down ſome practica Foci and . Guo be be = 
tres of. Glaſſes ; with ſame other gt | chat may" 
be requiſite to the clearer underſtanding, and park mana of ., - == 


 fome Precepts delivered in this Treatiſe. . 9 4 
. The Object: Claſſes of Teleſcopes are geneally of bo liale | 2 


Cuevi on their Superhcies y looking on them or 3 
— ir cannot be'diſcavered, ee they ae pl 
2 Spherick Figure ; an whichds unde a Sphere of 


in Scbol. Prop. XX XI Perl) we aug ta dale he Ge 1 » 

at our Arms length before the Eye; and if che Objects ſeen 2 

gh.it ſeem to dance or move, the Glaſs is not plain. Anett. 

that Glaſs which makes the Objects ſeem the moſ to move is . 
formed on the leſs Sphere, whether Convex; or Cancave.. A 
(3.) When we have thus found our Glaſſes. to be Spherick, yu * 
— ſuppoſing them Convex, there are ſeveral Methods 2 of 


their Foci.' L ſhall lay. down ſome arp ti owl 


on "bee in _ 2 5 
8). apply teh ahale of 18 ad 
Parts, and expoſe chem 1 dun ; and upon the 


e, 


1 certain. 19125 5643 ind 


* of 


* 2. 
3 
0 


Firſt, for Glaſſes ak; doep 
2 pretty 


0 1 


2 


of a pretry long Fecus, obſerve ſome diftanc Objects through it, 
and recede from the Glaſs, till the Eye perceive all in confuſion, 


or till the Objects begin juſt to appear inverted; here the Eye is 


in the Focus, If it a Plano-Convex Glaſs, : make it reflect 
the Sun againſt a Wall; we ſhall on the Wall perceive two 


1 


ſorts of Light, one more bright within an other more obſcure ; 
withdraw che GlaG from the Wall, till the bright Image is at its 


ſmalleſt; the Glaſs is then diſtant from the Wall about the 


fourth part of its Focal Length. If it be a double Convex, 


expoſe each ſide to the Sun in like manner, and obſerve both the 
Diſtances of the Glaſs from the Wall: The firſt Diſtance is 
dbour half the Radius of che-Cony 
and the ſecond Diſtance is about half the Radius of t other Con- 
yexity likewiſe : Thus we have the Radii of the two Convexi- 


ties; whence the Focus is determined by Prop, III. Part I. The 


| reaſon hereof depends on the Doctrine of Catoptricls. 
But the moſt exact way of determining the juſt Focal 
of the Obje-Glaſs of a Teleſcope, is what I ſhall lay down 
in Chap. V. Sec. 4. of this Part, which, becauſe I muſt neceſſari 
deliver in that place, I will not here anticipate,  _ 
Fee, The Foci of Concaves are obtained by Refleftion; for as a 


Radius of the Concavity ; ſo a Concave-Glaſs being ſuppoſed a 
Neflecting Speculum, ſhall unite the Rays of the Sun, at the div 
ſtance of about half the Radius of the Cavity, x. 
Cencer. (A)., Before we proceed to the Centration of Glaſſes, we are 


Feld defne the Axis of « Gloſs. 1 ſay therefore, when the Axis of = 


2 


* 0 : 
_- 8 . ͤ . ͤ ͤ oo AE - ol. S ww bs AC at 


ity turned from the Sun, 


Length 


Concave Miroir or Speculum burns at the diſtance of about half the 


1 wing 8 . 


And ehis will a 


cha Glas is Hic to be ger 


Aperture, 
ways be ſo when the Glaſs is equally thick round 


the edges of its Aperture. r bl 


2 An en Tab. 40. Hg. 1 1. 


le Point 


2 b Iſay 


Fer 14 
fore bg le Eden 


Surface ae, as well as to the Convex Surface akd; Ik muſt * 


Line k be drawn; — — ik 
drm, s in this Caſe it may eaſily be demonſtrated. 
3 more than Ii. For Z lib Rect. chere 


Let ag dea be a Plano: aer rar. 
towards the Edge de, than towards a; 


porn equalto gd, g is the Centre of this Glaſs, for'tis the 
of its Aperture or Breadth, But then this Glaſs is 
not truly centered: For, to I the Centre of the Conv 


N 


lis not the Axis of this Glaſs; but if there may 


ki) and which being perpendicular to the plain 


conſequently be the Axisof this-Glaſs. Wherefore k is che true 
"Care of this Gd. And becauſe, to compleat this Glaſs, 


there is wanti 
Centre of the Glak A, | coincident 


its Breadth or 


the Portion d fe: therefore to make the true 
with the middle Point of 


Aperture; we are to make A h equal to kd; and 


then we are to cut off, or to cover the Portion of the GhG'b#+ 


to d fe 
NI 


ble (vet, without farcher Explicaion. N e gc 


. But becauſe 1 
tis impoſſible 


Thickneſs, to 
fore we muſt have recourſe to ſome other Methods, that ray 
ſhewy this. And theſe ate various. 1 0 
. Firſt, Holding the Glaſſes at a due diſtance Gow eh Eye, 


and ſo we obtain the compleat- and truly Cen- 
dec. The ſame may be aniderſiood ar. 


= 


M 
r yer or any — — * their' 
ow whether they be truly: Centered There 


[PS * 


| 


lee us obſerve the two reflected Images of a Candle; and where 
theſe ewe Imay es unite or coaleſce, there is the true Centre, of the 


"<a 
in. 


e in the arg „ 
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g Gund: x noe, es Ga ie 


Fl „nech 1555 Ty 7 5 541 0 Bee 01 10 
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1 making - Eight-6n a Plain nighily parallel 
ct its Surface, at a proper diſtance; ande chalk ercelve w] 


ſorts o Light reflectec; one ſmaller,” but much more Kro 
and vigerdus, within another more faint amd lage: Then by 
1 ture of theGlaſs (found 3 boch theſe £ ng 
e to be projected as round aspoſlible; andi at a proper diſta 
from che Wall on which 1 25 are reflected; the rownd e 
Spot is to be broughe ioto the ſmalleſt 
can (Tryal will make all this plain). I che Claſs | 
in this . poſture, if the bright Spot be projected juſt in. 
the, middle of the fainter 8 the Glaſs is neil centred. If 
itt he N to the Left Hand of this middle, the Glaſs 
is thic ell; towards the Left Hand Edge. * 
ars he, this: bright Spot is projected, 
that ſick is the Glas thickeſt.; and on that eee 
Curt. W pep hereot E ſhhail explain in 2 Plar 
ver Glaſt, and is the ſame in a double alive mutatis. 
mutandis. For the bright Spot ſpa the tne IF Bet 
24582, Jede by the curve Surtac of the Glaſs conſider d as a feft- 
Sheculwn (whereof more hereafter), and the faint Ligh 
is the Reflection of the Sun flom the other plain Surface. 
Tah. 40. Hg. 2. ade is a Plano. Convex- Glaſs, thicker towards 
the 1 de than towards a. Let the Curvity a d (whoſe 
is c) be « directly to the Sun: By the known 
Lays of ( _ 7 thei Dacallal — (from the middle Point 
of the Sun, for inſtance) falling on the Curvity' 8 paral- 
lel Rays in the Figure are expreſſed by continued Lines), are 
united in the Focus at f, diſtant from the Curvity about half 
5 is Radius, there. cauſing „ Heat. In the mean 
eim cheſe A re — obliquely 


dhe Faulr (if here de 7 ln dong ObiettiGl 
rare * there is; ef] y if they be — 


in che 
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E'rm 


die of FO. fainter Light. round it. Fine en 
meaſure by a Pair of Compaſſes, Raving, to that en 
fixed the Paper to the Glaſs, chat we may ifiore/ni 


termine, whether this be Spor be exactly in t 3 
This therefore being car adjuſted by g ently. 5 'Y 


Paper on the Glas (if it win 
| leaſt altering this true Pofrion of the pape, r ro fir it för 4 
firmly to che Glaſs. And laying ir chus ert a Table, let us: * * 
mark en the Glals (by the Point of a Diamond) three = =o - 
gane the FITS Sonoentrick to the ound Hole iim 
wn | = ſerial 5 e tec. 7 
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Ke Circle e, and 't tis as exatly centred ag os 


+. * 1e Tia: whereas I have aid that che brighter Spov | 


1 s co be ur 
the Breadth of The. Ge will alan 5 
be ſo narrow, that the Project of t 

the Sun may be brogder., 
* „ Bur this ie 


8 it over Abi n 
4 93 17 1 


; 7 * j * A _ + 4 & 4 EP 
aA, 426 of Ie 
: be, * 


1 Pere Cberubin, who! is often very nice in matters of little 
. moment, and looſe enough in 3 of greater weight and 
4 5 942 It . 2, Glen 8 an im licated 3 * 
| rue Ce ll Pifion Parfait. Tom II. Ht 10 9. 
150 Tie Ams Frier wg Fes down a Way. of 
ad Regu ty. and Goodneſs. f an Object-Glals, 4 
. 0. may not be amiſs here to inſert. After we have centred the I 
„ udn ghject-Glaſs as well as we can, by the foregoing M 
3 To: try the Regularity of irs Form to the a exactneſs, 
® Jays be, We muſt do thus. On a Paper ſtrike two Con- 
"and Circles; one whole Diameter is * fame with the 
. Nea of the Object. Glaßß; bother of half chat Diameter. 
4 This inward Clttuinſcrears divide into fix equal Parts, by che 
8 knowa x way of applying the ſix times in the Circum- 

aud — ſmall Holes therein with 


* 


pag. 23. Aich 


* 


* 
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1 e 1 | | 8 
Le coxer one ſi t the Glaſs with this Paper; and then 
. | XI it to the Sun, we are to receive, the Rays that pas 
3 theſe ſix Holes ona E in Fr ly the 
* nd by withdraw Wing or aph is Plain from 
fs, we ſhall. | | 
| thele fix Holes Unite 
| | | | * 


2 is ih Tonall 3 ſe I al diſt Of Ob OY —_—_ : 
at Object-Glaſs dun repreſenes'the- Objects the Bricht 
arid moſt Ai and bears the Ewe renee. and m Don- 
vex or Concave Eye-Glabs, . without colc of Hazineſſ, * 
is ſurely the beſt. The moſt convenient r 1 
= is the Title. Pag e of a large Book; n e there are gene- _— 


Letters dc of divers Ma mudes, and ithertſore aſ- 
ark variety of ſmall Objects; whereby che comparative Ex- . = 
cellency of Object Glaſſes may be nicely eſtimared. - This the 1 
Celebrated Monſ. Caſini, he Frenth King's Aſtronomer, ſhew's. 2 


; _ when viſited him at the Obſervatory in Paris, m 1685. 

who tryed all his Glaſſes by the large Tile Page of a>Book, , 
225 inverted on the Jaume of a Steeple Window more ee Io x 
of a Mile diſtant from the Ohſervatoire. lt 

(6) The next Piece of Mechanick-Dioptricks, a I ſhall Mime: | 
mention, is, The Managing Great Glaſſes.” And herein I ſhall oF" 
not ſwell this Volume with deſcribing thoſe ſumptuous 
trivances and coftly Machines invented for. this. purpoſe: It 
ſhall ſuffice me to refer the Reader to the.Origmal Auchows, | 
where he may find them deſcribed at large; g 

mrs" beg Machina Cælzſtis, Part. L. Cap: 19, 20, 2 n 
deſcribes the Engines he uſed for his Teleſcopes; And 
—— others, a Contrivance for managing his Tube of 660 
Foot, and another of 150 Foot long. 

The deſervedly Celebrared Mon. Hagen, hhedf the chick bare. 
Mathematick Luminaries of the preſent Age, has 
ſmall Tract, Aftroſcopia Compendiaria, deſigned only for Deſerib- 
ing his * of Managing great Glaſſes with very li —_ 4 


| wa 5; Ring. This Arm and the +Gla 


culation of the'. Ingenious, Author's, but 'ſucgekfully'; practiſed 
by him; as 1 can: gratefully teſtifie, having had the favour of 

g ſhewn the whole Contrivancei by the Excellent Au- 
chor himſelf in his Garden at the Hague, Am. 1685. at which 


1 ig ee, W .alſo of ſong his Planetary Clocks or 


| See, f- ey e 19 rg voor 
—— rarony— any 4 


OY A ©4 


"= 
on. Gaſt, Er 
(amongt other Curioſities, which accordi 
dour and Civility he communicaed to me) ſhewd me two 


v Contrivances for managing great Glaſſes; which, 
74 14 n blick, Ta e wl as 1 en by 
— 4 at of ume. eee was a plain Piece 


of Clock- work, moved - by a Spri 


regulated by a Pen- 
dulum Vibrating half Seconds. 70 


. which Aum at its extremity: carried the Oby 


graduated Arches in the Clock-work could be anne ad ry 
Situmi directly to any Star. Thus ſuppoſe Saturn were to bo 
obſerved; by a common Ephemeris, knowing his Longitude 
and Latitude, together with the Time of 
Arches of the Clock 


put to ſuch and ſuch - Diviſions, 


|  and\the Machinc'it df placed with ſuch or ſuch à part hori- 
zontal or perpendicular; the ObjeR-Glaſs was of oourſe dire 


rib 


aly expoled to the Sear, Then the Pendulum bein 
rectly . Stat in its Motion. This whole Ma- 
At a beg e a . carried the Object- 


the Glafs conſtantly exp 


Glals in its que on; and the Obſerver below managed 


22 * * — — — 


dig And wikour Tile. ir La sf W 1 — 


Wl 
to afro: Can- 


bis carried an Arm that 
ſtood ſomething prominent from the Body of the Work; 
Glaſs fr in 


or Night, the 


1 Ns the 
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particular: 3 * yer! 
Hcient to give the ingenious Aſttooo 
R ow apprehend: the Contrivanee 9 


ö leſtis. p. 66, 67, 68, Cc. | mA 2% | 5 2 + . PIC: 31! ber _ A 518 =D $220 i i „ _ 
The other Ban e he mentioned +6 nas; J 
a= or Mon. Boyelly:told me, was due to Mon: n Id il 1 
thus; From the Tube of a-ſmall Teleſcope t ne ee —_ 

an Am perpendicular to the ſide of this 3 Tube: This = 
Arm carries the great Object. Glaſs; then an Obſerver upon 9 

an Height manages this {mall Teleſe | - 

he Motion lies dons by which means the great 
Glaſs ( being parallel to the Object-Glaſs.of this leſſer Tele 1 

ſcope) is kept conſtantly in proſecutiom of this ſame Star: 

the other C 0 ſerver below manages the Eye-Glaſs as 
Theſe two Contrivances are indeed Pretty Thou 


* « x; won 
* . 4 bu 5 
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2 1 
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. BG 


the Machines that carry che 

riſe and fall at pleaſure, as 

wiſe, the Obſerver that man⸗ es che Rye. Glaſd, 

loſe the fight of his Object ; unleſs he have the opportunity, j 

pl viſong and falling,” by lome ſuck Contr vance: as the forfe. 

mentioned Monſ. Cuſſer propoſes in the- fore cited P ace. 21. But „ = 

 thisis\'vatly-chargeablesr 5:17 $114 2d 3o wed JU a Po _— 

Tis now above ſeven : Vears 8 Monſ. Boffat of Ib nei. 2 

louſe has promiſed the World his Contrivante for [managing _ 

reat Glaſſes; of which he has given a mall Specimen in the he cs nl 

Journal des Scavans 1682. Dec. 28. but we ede *. far- . e 

ther of it; perhaps becauſe. the « | 2 

Spetulums, which much weaken the l 
e found uſeleſs. 
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Glaſſes in 
4 


enſope 


"reſpect | ia likewiſe to be had to 
for Ohjects af a ſedate Light, as Saturn, 


( 


Gam 1 — belt, which will bow: 
an Eye-Glaſs of che groateſt Coaverity (this ĩs uſually called. 


the Deepeſt Charge): Bur yet there are ſome Prop 


be obſerved, which Experience has found out, as 


convenient and beſt adapted for moſt Mens Eyes, 2 aue 
well diſpoſed. For: fo a 


good Object Glaſs of 12 or 

Feet, Wet a men of 3 nee —_— than « debe, 

- But moreover, In goin an Eye Gab n Oh eb, 
Oject we er e 


et. will al-. 
lot dueper Charger, than thole of a axe rk a e det 
Light; as Fenui; G.. 8115 
TH cake dbi6 whole. A ng ly & 

riment, to that Iſhall — and only h. bye; 
for of three Convex Ey — — adviſes 


Telelgppes 
nique Oculaine, III. Par. — Cap. VII. pag. 188.) that, 
ol the three Bye Glaſſes, that next the Object- Glaſs ſhould: 


be of the dee peſt Charge; the middle Eye: Glaſs ought to be 
ſomething e and the een Eye laß 11 4 gry 


eſt of all. 


For Propon 


| Glaſſes ire double Microſcopes, we may. 


conſult the fame ee But tis tedious to tranſcribe. 


M. Hooks 


Contrie 


Dance to 


male 4 


The LV. Prop. of the Firſt Part, relates to the Apertures of 
Object - Glaſſes. After which, we have nothing to add in this 
place; which: otherwiſe might have been challenged by a Diſ- 
courſe thereon, as being of a Mechanick Conſideratian. 
(8.) The laſt Piece of Mechanick Dioptricks.L ſhall mention, 


a 62 4 is an ingenious Thought of Mr. Hooks, for making a ſhore 
Object. Glaſs perform. the part of one Formed on a much lar. 


ule. ger Sphere. 8 1 $211 Prepare 
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(ca little broader than tother. Then let chere be made a 


« Cell or Ring of Braſs very exactly turned, into which theſe 
two Glaſſes may be ſo faſtened with Cement, that the plain 


« Surfaces of them may lye exactly parallel, and that the Con- 


ce vexſide of the Plano Convex-G 5 may | lye inward, but 4 
« ſo as not to touch the flat of the other Glaſs. Theſe being 
<« cemented into the Ring very cloſely about the edges: By a 
c {mall Hole in the fide of the Braſs Ring or Cell, fill che 

< interpoſed ſpace between theſe two with Water, Qi ef Tur. 
the Hole 
cc with a Screw: And according to the differing Refraction of 


ce pentine, Spirit of Wine, Saline Liquors, Cc. then ſto 


<« Glaſs be longer or ſhorter. Vid. Phileſoph. Tranſ. Nam. 12 


- - This, I muſt confeſs: is ag ingenious Hint: But I doubt 
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the deſired Effect will not be ſo ſueceſsſully attained thereby, 
ſo as to conſtitute an Object-Glaſs for a Teleſeope. For cet· 
tainly, were it effectual 3 tis ſo caſie and withal o uſeful, 
that before this time ir would have obtained, and been pra- 
criſed univerſally. And this makes me queſtion, whether ir 
would be of any better effect, than a Meniſcus- Glaſs, ora Com- 
bined. Glaſs of Prop, XVII. Patt. . CO I ooo 31% 16 SHIT 
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1) Controverſie between Hevelius and Hook concerning Te- 
leſcopick Sights. (2.) Hevelius Objections againſt them. 
5 - 7; Miſtake concerning them. (˖3.) heir Fabrick or Con- 
trivance. (4.) Adjuſting them to plain Rulers or Tubes. 
(5. To. Luadrants, Sextants, &c. (6.) Dioptrick Reaſon 
e their Performance. (v.) Adapting the Micrometer to a 


HE Fame of Johannes Hevelius, Gt of Dantzick, 
is deſervedly:celebrated by all that delight in Aſtro- 
vel and nomy. His Performances herein are highly extoll d by all; 
cer. and the ſumptuous Volumes of his Labours and Studies, which 
= he has publiſhed, have procured him an immortal Name of 
Fa. Honour amongſt the Literate. But notwithſtanding all his 
commendable Endea vours, he has not yet arrived at the height 
of perfection; but ſomething is yet wanting and deficient even 
in his moſt coſtly Machines. Whoever peruſes the large and 
elegant Volume of his Firſt Machina Celeſtis, will admire at 
the vaſt Treaſure he has expended on Aſtronomical Inſtru- 
ments of all ſorts; when he ſees even the very Deſcription of 
them ſo very ſumptuous. And yet, at the fame time, who- 
ever peruſes a ſmall Book of Animadverſions on this Machina Ce- 
leftis, by the ingenious Mr. ook, will find one grand Defect 
does attend the noble Hevelius Inſtruments, which renders 
them (Iwill not ſay, uſeleſs, faulty, or no better than Tichos, 
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' werfie be- 


et) not ſo compleat and perfect, as otherwiſe they had been 
by the Addition of Teleſcopick Sights. For Hevelius wholly 
e 


d Plain Sights, which certainly are not fo accurate as Telel- 
| | cCopick. 
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oopick. And tho muſt confeſs ingeniouſſy, that this renoun - 
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ed Aſtronomer, by his extraordinary Diligence, great Care, 


* o \ 6 * a * 2 ? ET TORE "X'S" 9 * 5. I v a 
ES x 1 * © += a N 9 Kb Ld oe cane rr Fam ag wm * . ; 
* 7 TR) WE IT ER 8 , 2 See "IEP R 01: © WER" WY IM WIN. Z | N 9 
r 8 r * JJ7J3ßEůwłV TTT ð2 Ee ES R * a Ms hs 
* 9 : 9 l Bt TS IJ IH ä 3 TX» r A * q 2 1 3 £0 8 > 
2 2; * F A n r i he SRI 8 * =p 3 * 9 n 7 
8 Yet 08 F 3 . F RE otros Sas ts rh R e . th 
4 b. =, 5 $ 2 & 1 * 3 5 a, © e WES. ; E 2 . N l FI SH Fg „„ 0 Fe * * 4 
8 5 7 5 5 \ , * 8 y , i CEP FH be: ; NF. JIE PS oy tt Z- p J 70 
5 6.4 * * * N * 5 7 1 8 3 1 N : . 4 1 44 * 3 ET * 5 . i RO HE : - 
x 85 Fr 8 5 SOS oi FUE OE % oy "RF 4 ERR ae ues LS. > _ KA: „ wy” hr IR 
_ * * % iS y : i 7 2 8 * 1 * 9 * EK. % ne... ** by. 
k : 3 25 g SEATS : - 318 L TTY NN NGO Ng NN <2 
I - >. * x x: wn » 7 * 2 44 . ws l 8 * . W 
. > % * 4 185 k 9 . 0 2 9 3 F =". +, 
= * 7 83 4 8 W * 4 * x : 8 . 4 2 1 5 
% 4 6 2 4 * 4 » * 5 15 * £ 25 4 8 7 S . 18 * 2 2 
x } ” F B+ 4 : Fact -- Xa = ” 1 e 
f 0 & 4 i 69 RR Ws, * Ce. 
$ 7 ; Coro nn Km - Er . 7 1 
1 7 88 5 — , - 4 "= * 8 *® * 
8 * 


oP * RES Fs Is g * 7 15 1 
E . - 5 i 
< „ 3 8 | 2 

Cod * ” 


and perpetual I Practice, but chiefly by his pe- | 


culiar ſharpneſs o 
Ohſer vation by plain Sights (as I find by comparing the Ob- 


ſer vations made by the. moſt curious Aſtronomers of our Age, 


Hlamſteed, Halley, Caſſini, c&c. unn thoſe 


Obſervations made by Hevelius;) yet this we are to attribute 
more to the peculiar acuteneſs of- his Eye, and to his extraor- 


dinary Diligence and Care in Obſervation, than to the exactneſ 
of plain Sights. For to me it ſeems manifeſt,” from what the 


Learned Mr. Hook lays down in the forementioned Book, that 
the naked Eye cannot ordinarily perceive an Angle (or Object 
that ſubtends an Angle) leſs than a Minute, or half a Minute 
at the ſmalleſt, For tho we perceive Stars of that magnitude 
that their Diameters are not half a Minute; yet this is by a ſort 


of adventitious or glaring. Light, that is cauſed by the Refra- 
tion of their Rays in the Air ; which makes them appear te 
us much bigger than really they are; as is manifeſt, when we 


come to look at them with a Teleſcope that takes off this glar- 


ing Light. 


(1) The want therefore of Teleſcopick Sights is what fee, 


Mr. Hook chiefly inſiſts upon, as defective in Hevelius coltly S 1 2 
| Aſtronomical Apparatus: But yet, in his whole Book of Auimadz. 


verſions, he takes no notice of the chief Objections, which 


Hevelius uſes: againſt them. And I am perſwaded the Can - 
dour of that Noble Aſtronomer (whoſe Memory muſt now 


be ſacred) was ſo great, that upon the removal of theſe Dif- 
ficulties, he would have given up the Cauſe; for it ſeems the 
Controverſie was long agitated between them. 


Theſe Objections we ſhall find in the Firſt Part of tbe 


Machina Celeſtis, Cap. XIV. pag. 296. Accedit, fi quando Obſer- 
vator non æquè directe & precise ſemper, . ut ſepius, crede, con- 


tingeret, 


ee algu aſe. 
A afervmimin poſi induci, "que ſuo tempore Cele ſcrutatores © 
I quviter ſeduceret. - Caterum, cum Acus wel Fila adeo prope lentem 
_— 1 obſervatoris oculum vix in remotione aliquot digitorum ſub- 7 
am; dubito an Dioptra bat oculo tam propmqua, multo accura- 
= tius Stellas quaſvis minimas, quam Pimuacidia noſtra, ad ſex no-. 
vemve pedes Is mvicem remota, . poſſit detegere. Nam etiamſi ob-. 
jectum diſtinctius videas; in eo tamen, quod Dioptra tua oculo pro- 
pius adberet, plus 4 vero defleckere poteris, quam nos circa noſtra 
PDPiimacidia, que tanto ſpatio ab invicem removentur. Ut tactam, 
| 19 interſeftio filorum minimas Stellas tibi an On . 
For Engliſh Readers thus 5 
Add to this, That if at any time the Obſeridii chances - 
* not to look directly and preciſely through the midſt of the 
<< Glaſſes (as believe me it may often happen) ſome Varieties 
tt may eaſily intermingle with the Obſervations, which in time 
< may egregioully deceive the Aſtronomer. Moreover, ſeeit 
«rhe Needle or croſs Threads, do ſtand ſo cloſe to the Eye- 


oF e ther theſe Sights, ſo near the Eye, can . the ſmalleſt 
Stats much more accurately, t bow our plain Sights, which 
<« are diſtant from each other Six or Nine Feet. For, tho by 
© © theſe Teleſcopick Sights, one may ſee the Object more di- 

„TL ſtinctly; yet becauſe they are ſo 5 to the Eye, one ma 
==  * err, more than tis poſſible by our 2 Sights, that are ſo 
te far aſunder; ſo 2 ſhall take no farther notice of another 
cc Incopavenience, which is, thar the Interſection of the Threads 

E ſhall cover the ſmalleſt Stars from your Sight. 

Fe a, Thus far the Learned Hevelins, Which ſhews plaialy, chat 
Erg he had no right apprehenſion of the Nature of theſe Sights. 
e, And therefore the bel way of reconciling him to them, had 
been fairly to have laid — the Dioptrical Reaſons of their 
Performance and Exactneſs. Upon a _— — : 


whereo 


4e Glaſs, and near the Eye of the Obſervator ; I queſtion whe- - 
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_ whereof, all thoſe Obje@ions would be anſwered; and would” 
naturally vaniſh. This had been the right Method of pro- 
cceding amongſt Candid Philoſophers: Whilſt vilifying his In- ; 
ſtruments, and ſlighting his Performances with them as no 
better chan thoſe in the Age before him, did but exaſpera te 
the Noble old Man, and made him adhere more obſtinately 
to his former Practice. it: Yr or oo 
That Hevelius did not rightly apprehend the Nature of Te- 
leſcopick Sights, is manifeſt by this Objection which he makes- 
againſt them, from the ſhortneſs of the Line of Collimation, . 
which he imagins no lenger, than between the Eye or Eye- 
Glaſs, and croſs Hairs; but is feally as. long as between they 
Object-Glafs and crofs Hairs: As ſhall be evident from what 
Ifhall now q- bio ok 8 
WV berein 1 ſhall briefly explain their uſual Fabrick or Con- 
trivance ; their adjuſting to a plain Ruler, Cylindrick, or 
YM ſquare Tube; their adjuſting to Quadrants, Sextants, and 
other Inſtruments ; and the Dioꝑtrick Reaſon of their Per- 
_ formance and Exactneſs. Os OE 
(3. ) Andfirſt, the Fabrick or contrivance of theſe Teleſs ner r. 
copick Sights 18 briefly thus, Tab, 39. Fig. 1. Chooſing an Ob-. Cone ri- 
ject-glaſs gl and convex- Eye glaſs o p proper for the length cog 


7:39. F. I.. 
of the Rnler or Tube g pl. which we are to uſe, Let us 4 
take care that the Object glaſs te pretty well centred Of Chap. True cen. i 
4. Sect. 4, of this part) but in this particular the greateſt exact- G, 
nels is not xequiſire-{-W Nate ver Pere Cherubin d Orleans may a e 5 
oo f w F e quiſce.... 
to the contrary, in ch ſeeond Tome of his Viſin Parfait. Paris 
1681. fol. in his deſetiption of Levels. pag. 23,81, 106, 108, 
109. &c. but chiefſy pag. 107. wherein the Friar is molt groſſiy 
miſtaken) tis ſufficient, if the Glaſs be pretty nigh the matter, 
as uſually moſt Glaſſes are, immediately out of the Workmans 
hands. This Object-glaſs and Eye-glals are each to be fred 
ſtrongly on a braß Ring in the Ruler at their proper nister ; 


4 
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WW 
And exactly in the Focus of the Object. glaſs F m di in 7 
det braſs Ring are ſtrain d the fineſt croſs-Hairs f d, i m; This 
Ring is contrived to be moveable to the Right and Leſt hand, 
towards 7, or towards d, and alſo (if the nature of the Inſtru- 


ment, to which we, afhx theſe Sights, require it) upwards and = 5 


downwards; and to be ſteadily fixed in any poſture by ſcrews or 


otherwiſe. The Mechanick contrivance Where of is obvious 


enough, and needs not here be deſeribed, every one pleaſing 


himſelf in his own way. FTT... 7-20 ONS 
By the Doctrine in the firſt part tis manifeſt, that this Tube 
being thus diſpoſed and Le before a Diſtant Object 4BC, 
che Picture or Image of the Object is projected in the Focus of 
che Object glaſs f ed; and this Image in the diſtinct Baſe is at 
the plain of the Croſs-hairs. Wherefore all the Rays that com- 
poſe this Image, which eſcape, or do not fall on, the Croſs- 
hairs, ſhall arrive at the 17 freely, and diſtinctly. But che 
Points in the Image, which are projected, and fall juſt on tbe 
Croſs- hairs, are hid by the Croſs-hairs from the Eye: and the 
Fairs themſelves appear as if they were really ſtretch d upon the 
very Object. For they are extended in the diſtinct Baſe, which, 
in this lind of Teleſcope, is the Locus apparens of the Object, by 
prop. 50. ſchol, At the ſame time the Hairs themſelves: appear 
very diſtinctly to the Eye ꝗin the outward Focus of the Eye. glaſs 


We may then conceive, that there is ſome one Point in the Ob- 


5 5 ject, as ſuppoſe B, which ſending a Cone of Rays on the Ob. 


ject·glaſs, the Principal Ray of this Cone, or the Axis thereof, af. 
ter paſſing the Object glaſs, runs parallel in ce to the ſide of the 
Kuler or Tube 5. Whereſore, if the interſection of the Croſs-hairs, 

e, without removing or ſtirring the Object. glaſs in the Tube, 
be brought to meet with this Line, or to cover this Point B in 
the Object, and be there ſtrongly fixed: Whatever Point, in any 
Object, ſhall hereafter be found covered by this croſſing of tlie 
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Wealth oft the Croſs-hairs at their ec; FORE 
" a deb a, chat is, in its exaB? Focus. "This is eaſily | 
765. perform thus, Let us babe ſome Object diſtant 3 or 4 miles; 
| ci. Rk moving or fhaking our Eye before the Eye. glaſs upwards 
and downwards, or to one and t other hand, let us obſerve 

. whether the Croſs-hairs feem to move, or 'darce, upon the ſaid 
= Objett: for if it do, then the Croſs· Hairs are-not at their exa# 
__w diſtance from the Object. glas; but they muſt be moved farther 
„ from or 1 es to the Odſect glals; till the Eye, looking at ſuch 
x a diſtant ject,, and moving before the Eye-glaſs, perceives 
_— ua the Croſs- irs, as it were, fixed and immoveablę on the 
A ___  (Nbt&. Thisis the way for exattly drtermining the Focal lengthof 
| —_ glaſs, to which I have referred in Chap. 4. Sec. 3.) 
4 bg the Eye, the Object ſeems to 2 donn on the 
1 Has or if in depreſſing the Eye che Object ſeems to riſe on 
ar he Gol hairs, then are the Ctoſs-hairs too nigh the Object-glaſs: | 
burif 4 5 ae the Eye, the Object ſeems to riſe on the Croſs. 


was; d in g the Ey Je, this Object ſeems toſink ot f 
* on the Seh Has "Then are! the Croſs-hairs too 151 fee, che 2 
| in es AB Ay diſtant, Object, whoſe Middle point Gi is projec- | 
ye eps? Object-gla „BI Let ni be the Croſs-hairs too 
the Obj ect · glals r 2 the fame too far from the Object. 
17 the Eye placed at three different ſtations. lathe 
195 0 On Crofs- rk the E Sake etof, ir 
ae int eſſed from i to i, or Eye FT 
ir os K raiſed 03 1 tol: 5 here the 
_ Sb hairs are too nigh the Object-glaſs. But in caſe of the ſe- 
.- 1 cond Crols-hairs ; if the Eye riſe from e to f, the pointk ſeems to 
| * e Croſs:-hairs from 2 to r; or if the Eye fall from e to 
25 it perceives the point & fallen from 2 to's: and in this caſe 


the Crols- hairs are too far diſtant from the Object. glaſs. But if 
12 -hairs are exactly in the Focus at k, let the Eye riſe 
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or fell, che Croſs-hairs ſeem fixed and ſteddy,on the O 
This IJ have borrowed | 


1 
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Publiſhed at Dublin 1686. quarto. And I hope, one ma 


om my own Sciathericum Teleſcopicum, " 


beal- 4 - 
low d to tranſcribe from himſelf without being called a Glaciers N 


Wben this Affair is well adjuſted ; we may proceed to the 
ſecond Rectification, which conſiſts in making the line of gl, 
mire, or collimation, exactly parallel to the Sides of the A412 | 
Ruler, to which the Teleſcopick Sights are to be adapted. And 
for the eaſier obtaining of chis, we are firſt to be aſcertain d. 
that even the two ſides of the Ruler or Tube are exactly parallel. 


1 


And hereof we may be informed after this manner. Tab. 7 aa _ 


Fig. 3. On an even board draw. the right line DHIB, 
ABCD 7 2 Ruler, to eee, = T I Sghts are to be 
| fitted, E che Ring carrying the Object-glaſs, Frhe Ring carrying 
the l the Snout 0 Eye gab. To 7 
line BD apply the ſide B D of the Ruler, and looking through 
the Gals we the point in an Object diſtant a mile or two 
whereon the Croſs-hairs fall. Then remove the Ruler, and ap- 


ply its other fide A C to the line B D, and obſerve whether the 
Oroſs-hairs fall on the ſame point of the Object, as before. If 
they do ſo, then are the ſides of the Ruler A C, BD, parallel; 
if no2, then the ſides are not parallel. The reaſon that ſo re- 
mote an Object mnt be choſen, is, that the Breadth of the Ruler 
may ſubtend an imperceptible Ale in a circle whoſe Radius is 
the diſtance of the Object from the Object-glals. 
Or otherwiſe, In the plain Board ſtrike two round braſs-wire 
Pinns. Suppoſe H, I, which having their roundueſs from their 
being drawn, muſt needs have their ſides parallel. To theſe Pins 
apply one and f other {ide of the Ruler, and obſerve as before. 
Having thus ewe or made the tino ſides of the Ruler (or ſour 
ſides of the Tube, if need be) parallel; the next thing is to 
make the line of Collimation LK parallel to theſe ſides ; ox to 
0 | Lu. E 
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theſt from the Board, in fig. 5. is next the Board- Then lookin 
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To. effect this (Tab. 39. 
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SH I SSI edt MS LEE 
on of the Crols-hairs, 1 


05 a far diſtant Object, Which falls exactly on the Incerſec- 


Afterwards, let us invert the Ruler or 
* 


means, the {ide of the Tube adhe, which in 


ed in the poſture of Fig. 4, and in the,poſture of Fig, 5. ar 


we at laſt bring all to rights. After the e manner that we 


have reQtified the Line of Collimation to run parallel to any two 


parallel Sides of the Tube, we may reQific it to a Pajalleliſm 
wich the, other two parallel, Sides of the Tube (ſuppoſing the 
Ring that carties the .cros-Hairs to have all the-Motions fe- 
quilite to fuch Rectification). And ſo we fix all ſtrongly, 
com eat, i +£1.33 a : ns | 
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Chiefly the Object - Glaſs and croſs-Hairs; and the Operation is 
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this Metbod; | what "Monl,” Sturnius Tay 5 in the bored 1 
Ley. pag. 5 14 is 15. Aetive.. For this he; Sola Tubi fee. 

tio, ut Axis Viſiouis 55 f me [as Lente ellen en Milet Li 


exacte Folks 4 fe leatis qu epic — 5 debatur”; deri 


| bu 1 er pr. eſens, "ut 77. Foy e Neben, Oe. ne | 
And the Remedy he tells 1 2 hat the Tube be nade a 
Para lelipiped 4 Wogd or ref for then, {ays be, Applying 


5 32 
x” 


the Side 0 fy our ws to the Meridian Line, xs. of VI. 
ſion Wil! be 7 ie faid Meridian” 22 1 Be 4 5 
Leave of ſo Great a Ng T deny this; unleſs fi be Leck. . = 
fed; ſo that this Axis runs parallel to the 8050 b Tube ä 


And let take what care ſoever pe ſſible fot hy ” 
"the ObjeQ-Glabs, and'placing it, anch the croßz klar era, 
the Tube; we inſt alter all reQifie theſe Sights" Pes 
ſuch Mectiod' as + have laid down, or elſe we may be . 
giouſſy deceived. And on this Acbunt, all the A ; d* U- Cherubins 
ſtruments, to which Pere Cherubin D) Orleans has adt adapted” Telel- GrofoBr-- 

*opick-Sights; and 10 0 he has 1 55 468 wales ioufly” 

"ſcribed 7 clriotis Schemes, and à larg 8 Volure, L Vi n 
| Parfait. Tome II. A Paris 1681. Fol. 8 deficient aud 7 8 5 
- For he laces the hol Reftification 'of this E's of Collina A 
"in the "true Centration Of the Glaſſes, pag. 107. Af che 


Wo 


the Right Rectification by moving 2 4 cc 1 
dtoneous, pag. 107. But in this che Friar berrays his Ihnotfhec 

1 for tho the true Centration of the Obj ect. Glals be of” good Gn 
venience and * yet it dots "ot Peer the 
without 
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without farther Rectification; as bring impoſſible to be ob- 
tained to ſufficient accuracy; and therefore we mult have re- 
courſe to ſome. ſuch Method as foregoces. 
I!have hitherto mentioned only two of the fineſt croſs-Hairs 
to be extended as a Menſurator in the Focus of the Object-Glaſs : 
But for ſome Ules, perhaps the fineſt Silver, or Gold Wire, is 
. Fee the better; as not being diſordered by Heat and Cold: Or elſe, 
-endef thi the Paint of the ſmalleſt and molt curious Needle, on whoſe 
Ve. Extremity, the ſmalleſt Teleſcopick-Star may be viſible. 
che When theſe; Teleſcopick Sights are rightly adjuſted in the 
e Tube, and ſtrongly fix in their due Poſture by Screws, and 
ae all covered over ftom outward Injuries and Accidents, they 
_ Sw. are of all Sights the moſt conſtant and laſting, and the 
leaſt ſubject to be diſordered : So that, when one finds the 
(Great Hevelius objecting againſt them, their Aptneſs to be out 
order, one would Nick, the molt commodious Fabrick of 
them was never explained to him; tho I am ſure, his Inſtru- 
ctor Mr, Hook was as able, as any in the World, to inform 
bim rightly in this Matten. 
To W*- (.) I come now to the Rectification of theſe Sights on 
erte, (yadrants and Sextants, for taking Angles. This is done ei- 
ther before or after the Diviſions into Degrees, &c. are made 
an the Limb of the Quadrant. If it be done befere, then 
en the Quadrant, which we ſuppoſe continued a little farther than 
the Fourth part of a Circle. Chooſing then an Object pret- 
ty near the Horizon ; let us look through the. Teleſcope, 
in the uſual Poſture of Obſervation, as Fig. 6. and obſerve the 
Point in the Object marked by the croſs-Hairs ; and at the ſame 
time we are to note moſt nicely the Point c, which the Plumb- 
Line Feg, hung from the Centre f of the Quadrant, cuts on 
the Limb, Then we are to invert the Quadrant into the Po- 
ſture of Fg. 7. (which is eaſily done by the uſual Contri- 


vances 


* i N „ 1 * 7 . 1 n e 8 III» Nag 3 3 OT RES 9 * I BAY re — FF R 7 1 . * * 
5 9 I I * E 85 7 12 - WEE oo ES on oo SY . * N 5 oy. , bet I * WY $5 - A 1 * 
* * v 9 on A F N N n C 1.43%. _ >" 223 7 3 
by % 7 . 1 6 ” s, * TY. rr g %  % : 2 _—_ U * * 1 
4 ** * 8 p 1 „ —— « % 3 5 [4 N * * 5 
* 2 x . y ? 2 AF 
: x y 2 1 8 * y 
* . : 1 * = 771 ; g . * VR 6 
. 
b . 
4 — 
* - . P 1 * / 
4 % : 4 
5 . 1 
bs 0 : 45 8 ak ; 
4 1 N. 44 N * 
7 « 5 voy < 7 
7 « 4653 4 : 
*-* P * i „ 


7 F gen Quinn, by ren teles 
ugon che ſame height. 2 — as befor ) gt A 

je we look at, be ſo far diſtant, that the Breadch/ of the 
Quadrant ſubrends' but "he Top, Nes « EO 
IT „ vers the Teleſe a 


Object reer ec As wy ——— now | 
the Plumb-Line a fy on the Limb c Fe Quadrat; fer us 
remove it co and fro,” till we find out the exact Toice 
from which the Pfund Line being hung; fhall moſt nicely- 
hang over the Centre of the Quadrant f Then carefully 
milling the Point a, let us divide che Arete iticopwo-cqual | 
Parts in b; and drawing 5 /, the Point“ is thePoinr'from 
which we are 0 bc the Diviſions of e And 
the Line of Collimation through the Tel \ ſtands! 
exactly at Right Angles to the Line 5 f. the Qua- 
drant b f d being compleated and divided, the ſaid Line of 
Sight through the Telelo ct pe mae y Parallel to te 
Eine fd. tele CID! bog woos 
In the next lade; apres be Quadrant 3 d day eus 
pleated and divided; 244 at we — to fix thereto 
— Teleſcopick-Sight T'L; ſo-thar che Line of Sight may run 
exactly at Right Angles to the Line 5, or parallel roche? 
Line df: We are to do as in the foregoing Praxis. And if! 
in dividing the Arch 4c, we find its half exactly coincident 
with the Point ö, we have our deſire: But if it differ from 
the Point ö, and fall 'between' bj atid d, then che Line of Cal 
limation chrough the Teleſcope ſtands at am obtuſe! Angle with 
the Line Bf ; and the Iaſtrument ers im exceſs: If this Half 
Arch fall without h and: d, then the: Line of Collimation makes an 
acute Angle with 2 Line b 75 and the Inſtrurent e. 
wo s 
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1 = — have ; thus, reRtified tl to their 

due place, there che are to be ſtrongly fixt . 10 Or — wy 
Obſervations taken by-this Inſtrument, e are to maſte allowance 
fot this Brron: by uber 415 from N Ai it be in g/s). or:by.; 
adding in; (iis be in det) each Obſervation Jo, much, is ye 
find the Error to be. 1135619 100 ttt 21 El 24007 22 

The reaſon ol this Rectifcation i is moſt plain; 5 0 
manifeſt, that of AH. Gantt of 2 full. Quadrant, 28 
much as af AH exec a, Quadrant. So the difference 

of the two Atches in the two Poſtures being 40; half this. 
difference hc ud in Fig, G. or 4b ſubtraBted, in Fig. Peake; 
4 Ada. leat Wadrant. - SOLID 21 121 * 7600 27 2ITi 
rf, Hud out Inſtrument err in akiog/Angles, "and We 
defire to dhe Error ne nice hn than, Perhaps. the Diyie, 
ſions of che Inſtrument it {elf will ſnew it: We are ta dg, 


Baſture the Inſtrument diſcovers its Exror; and the Object, 
pointed at hen the Inſtrument lies rah Then, With a large: 


Diameters, as fall; be declared hereafter, Sec. 7.): Let us 


take the Angle ſubtended-at the Object- Glass of the Quadrants, 


Telcloops by che lengrh. berween)theſe two Objects, 
obrain dhe erer of bur leltumegt moſt neh, Thus for. 
Example; Suppoſing the Quadrant +4, already accurately 


divided, and that the . f plays over the Point 


c: And upon the laverſion, of the Inſtrument, Fig. 7, we find 
that before we, can, ger it to play, exactly, over. * Fay 55 5 
ue muſt hang it over. the Point e; ſo chat the Arch e h ex- 
ceeds bc by the Arch e 4; tis plain that the Angle e/ u is 
the Ertor of the Inſtrument: For had the Plumb-Line. hung 
duver 4, and over the Centre fi in Bhs latter, «Polka, the In- 


U. ſtrumen 


148, 15 — — 5 — 


thus) Let us obſerve dil igently the Object pointed at, inthe, 


Teleſcope and Micrometer (as is uſed in taking the Planets 


5 


to I ch on 3 point got 9 0 obſerve. Re op 5 


Object is pointed at by the Teleſcope-Hairs. | Laſtly, = 
by a — Teleſcope and —— — let us meaſure the An: 1 
gle between theſe to Objekt, and we ſhall) have the Angle 
of Error much _ nicely, than tis poſſible the Angle e 4 "= 
ſhould be given by: the Diviſions. on the Limb. of the Qua- — 
drag e a. — thus much for. adjuſting, 2 Quadrant. _- 


A ces 155 d ins manner ; 8 conſider (7%, I I 
«Fig. 8.) that if ſrom the Centre f to t of the 1 of 2 
Balea d there be drawn the Radius fd „ 4 a 
ded equally in c; and from c there be ſupended the Plumqb. 
Line cb: When the Plumb-Line hangs over the Goch De- N ö 
gree at h; then the Line d lies horizontal: And conſequentiy, 
if the Line of Collimation thro ugh the Tube be parallel to 
Fd, this Line alſo lies N To try which, Whilſt 
che Sextant ſtands in this Poſture, obſerve the Object marked 
by the croſs- Hairs; then invert the e and over the 
Point ö hang the Plumb- Line; and hen from the Feind b 
che Plumb- Line hangs. over che middle P Point c, then. 
the Line fd horizontal in this Poſture. Mark chen Wflether 
| the croſs-Hairs cover the ſame Object 5 befor 3 If they do, 
then the Line of Callimation is parallel 10 7d If they do not; 
but the Point in the Object marked in his lacrer, Uh be 


1 chan the Point u 127115 the firl 5 _—_ 


ment erts in exceſs ;. if it be lower, the Inſtrument ers in 


e And either 0 0 0 c the Aan Ka till we 
| Fug 1... . bring | 
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0 to findths enge tis Erroncous Angle, and to allow for 
„ Obſervation, 
5 ments futniſhed e two pair of: Teleſeopick- 
| no Sights, one on 4 for Arm, and Cother on à moveable Arm 
_ Sy the Ancients termed an Aidade); "ris eaſie rectifying the 
= btn rei thus: After the Sights on the feet 
Arm are reQifid by what foregoes ; bring the Index of the 
moveable Arm to the begin ning of the Diviſions on the 
Limb of the Inſtrument, be it Quadrant or Sextant, ee. tis 
then manifeſt; that the Line of Collimation through the mov- 
able Teleſcope (if it be right) ſhould lye parallel tothe Line 
of  Collimation through the | fixt Teleſcope. Obſerve there- 
| fore, whether the croſs-Hairs in both Teleſcopes do at the ſame 
1 hf - tne eur the fone Sar or fall on the ſon Point in an Ob- 
b- ject diſtant three or four Miles. If they do, then the mov- 
le Teleſcope agreeing with the fixt, and the fert being 
ſuppoſ ſed 1 d to the Diviſions on the Inftrument, the nor- 
ale 1s right likewiſe,” Bur if che Hairs in the 'movable Tele- 
lcope 1 not agtee in marking the ſame Point with the croſs- 
Hairs in the fixt Teleſcope; then the Hairs in this movable 
F are to be een A . — gs there 
r that e) and brought to rights, and there | 
b © There e Methods inded for wean Te 
= leſcopick'Sights on other ſorts of Inſtrutnents, by means of 
_ Obſervations towards the Zenith, as our former Methods have 
: been imp oped rowards the Hirten. But tis is fufficient þ 
to lay down only what foregoes, as beit 
and molt frequedit uſe: N ri Wr dle others to NI ke 
Te of the Meaſure "of 4 Bree of u great Circle | 
Eo. publiſh'd at the end of Memoirs for \a Natura 
R aal, , &c. By the æadem Royal at Paris; intel dufte 
Aral, and priced at London, 1688, Fol. Before 
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Beiot this bote, ir may (at be andy ro incite Zr "= 
one ee Fee ger ? ed ww ' = Ag 5 
Sights (ſuch as is expteſſed Tab. 9. Figeq HY may boup defi = 
and that is, not only for tr — ſtraitueſs. 
of its own Edges, —— paralleliſm. of its 019 two Sides; but 
alſo, for the ready Tryal of the ſame in any ather- Ruler: 
For tis but affixing (by a little Cement, or otherwiſe) this 
Tileſeopick-Ruler over the Ruler to be try d, 2 
'Elge ofthis lance e he Pins Hy, and gendy | 
the alongft t Pins, ways — them; 
derer while through ——ů— whe- 
: cher the crols-Flairs do y adhere to the fame” Point in an 
: For if che. Edge of the Ruler have the lest regu 
"bay Crookedneſs, tht croſs-Hairs will move ftom the Point 
_ faſt obſerved. And this ſhall ͤ — Carvicy is the 


0 of a Ruler (cpeclly if the Ruler be 1 nd ch 
moſt -ex Eye — a Workman = _ of 
che P lie of the wo ies of this ler due is the 
' 10 goes for the T Raſe: is ff: 
For alan — the Te wala a is 1 joyned over the other, 
they ma but as one Ruler wicht Teleſcope: 


(.) — hdd propoſed concerning 6 
ade ;.and chat is, To thew' the Dare 
for of D But herein there re 
will be little requiſite to be added to whar foregoes, both = 
in the Firſt Part concerning Teleſcopes in general, and to whar = 
en deed eee, | 
Tis manifeſt by Experiments, that the ordinary" Power of 
Mans Eye extends no farther than perceiving what ſubtends 
an Angle of about a Minute, or ſomething leſs. But when 
an Win with n. 7 may diſcern an 1 
i 2 þ $ 


* 1 1 " 1 5 A . 
leſs than a The Te 
* 9 Y 


6 2 5 7 * wy * 4 oh 4 ” ** * * 
R r BENTUES CO IS on E209, 96 * . 
GIST Ia * TIT Ed ae Po * — n N- TL N * 9 2 
5 . EI ROE hs $02? : n 
12 5 8 n f = 
: 4 > 
4 5 7 
* ? 
1 &/ Ai 
#4 
. 0 
4 1 
2 P . 
* 2 
£ 
* . A 
8 
> 


dope that magnifies diſtinet- 


ly the Appearance of Boch „ magnifies alſo diſtinctly the 


Apppearance of Extenſion, Space, and: Motion through this 


Space; ſo if the Minute- Hand of a Watch, which can but juſt. 
be percie ved to move, be looked upon wich a Magtifying- 
Glals,' we ſhall ſee: it give a con iderable Leap at every 
Stroak of the Balance. And thus leis de dee diurnal 
Motion of the Sun or Stars, which is hardly perceivable by 
the bare Eye, unleſs aſſiſted by an Inſtrument of a vaſt 'Ra- - 


of-'18 Inches long: Inſomuch that we may determine to 

the ctoſs-Hairs, even to the ſingle Beat of a Second Pendulum. 
And let an Object in the Heavens riſe never ſo little, the 
Iniage in the Diſtinct - Baſe falls correſpondently at the croſs- 


chis Motion, be it never ſo ſmall. Thus ſuppoſe: 2 45 by 


© 4 


Miſtake 
Farther" 


manifeſt. 


ate 15 the 1 Baſe —— d; then by means tf 
the Eye - Glas o p, the Space e d is mightily magnified, and con- 
ſequently the Angle B 28 c 1by which the Star is 
riſen, is made moſt ſenſible to the Eye 4. By whatforegoes in 5 
the Firſt Part concerning the magnifying of this ſort of Teleſcope. 
By this we may perceive, how the Noble Hevelins waͤs 
miſtaken in his Ela of theſe Sights; when he imagin d 

the Line of Collimation therein was no longer than between the 

eroſs·Hairs and Eye - Glaſs: Whereas this Diſtance is not at all 
to be conſider d in their Performance ; the Line of Collimation 


being full as long as the Diſtance between the Obje&t-Glaſs 


ſwaded, had he been rectifi d in 
chis particular; he would never have adhered: ſo obſtinatel) 
to the Uſe of plain Sights upon his moſt coſtly Inſtruments. 
Tho I mult confeſs, tis difficult to wean a Man from the 
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24 Lanthorn a: lt 


um ve 


as that they are eaſily diſordered, that the Gl; 
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The other conſiderable Objection. againſt their U 
That in dark Nights, at the ſmaller Stars, the croſs- 


the Teleſcope: require a little enlightening, ox elſe chey are ii. 


This is ſo eaſily remedi d, by admitting to them, through 
a ſmall opening purpoſely; left in the fide oi the Tube, che 
ing — of 4 Lanthorn; or by placing 2 


worth mentioning as a Difficulty, much leſs is it tobe made 
an Argument for their utter rejection. As to what he ſays of 
the Hairs being ſo groſs as to cover the ſmaller Stars, this 
only relates to the Material we employ ; and the- fefl Gilk- 
Worms Clue will be found ſmall enough almoſt to biſect 
ſlender Point we may diſtinctly receive che maſt minute Star. 


And 
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Help; — | 901 
ge _ Experiments therein; r 
aud has — en — * — de- 
rermitting the capricious Feen of the Magnet. Tebſcopick- 
Sights have been y apply d to moſt exquiſite 
Levels; wherein Picard in ul r Du Ni 


-ellement. has prevented an cation: 
got, but e — — 
neſt a Fil px — — 
Dial eady podliſh Ane 16862 A Contrivance, which, 
without Vanity b fay, dan. e eee aud 
he ter FE kick Iſhallex 
.) The neut W 
«be = is the Micrometer. Concerning Ran hk http, \ 
—— 1 have, won e That for the = 
rtifications in — was the ful dur publiſh's to 
| the World the rough Deaughr hereof, - rz. Mar. 2667: Vd. 
Journal des'Scavans,. 16. May 1667. After him. Monk. Aout, 
another Ingenious Frenchman, publiſrd a Tract concerning 
the exact Menſuration of the Planets: Diameters, wherein he 
ſeems to challenge the Invention of this Inſtrument to himſelf 
and Monl. Picard, Journ. des''Scavans, '2 8. Juin. 1667. and 
Y Philoſopb. Tr Num. 2 1. pag:373+'But laſt of all a Candid | 
BF Engliſhman of our own, Mr. Nich. Townley, does vindicate 
the firſt Contrivance hereof to its true and original Author, 
— — — —_— 
FF * 
v the 6. Wherein 2 (who is of undoubred Credir) aflers 
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crometer. — 
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Tae T en 
Civil Wars in 8 And that Mir. DD — 2 
Cuſtody two or three of theſe Inſtruments firſt -doviſed by: 
Mr. Gaſes to which Mr. Tomnley himfelf had added ſome- 
conſiderab e Improvments. All vrhich, with the —. Ea- 
| brick; and ee eee rument to 
ſcope, we ſhall. find accurately deſcribed page afar Fen 5 
Philofoph. Tranſact. to which I ſhall Abe ki Reader; 
and ſhall hint only ſuch things concerning it in this, placaiz 
as may be chere wanting: tor rheileater Inftniction-of tha u 
excerciled Th) 

Firſt ore for a brief Deſcription-& 
is requiſite to maintain the order of: our 'Diſcourl) . fi in 
ſhort chis. ln che Focus of they of a 


Sorews to be of. iſo 2 aT — a to contain 30 Mus. 
in an Inch length; then every Revolution of tl 0 
or cloſes the Edges: of the: Micromrter a chirticehu-1 


lack. By ane Revolütiqm ob'the/Scrqwy "che: Barn rech s 
done Revdlution : Them, the Gircumference f the Plate; over 
which the Index moves (as the Hand of a Wat covert thi - 


Hou-Plite) being divided into vv hurts 3 che Inder 
to pope wr (three | 
————— 


_ thouſandch 2 an Imdf⁰f Nor che one 
- paſt of a ': by9which We find how 

Foot intoc thirty ſix or forry thouſand Parts) Andichisdedtion, 1 
tho every Minute, is made; by 9 be ken 
pegcelvabl NP | 
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thus; Suppoſe it were the Diar 


Mobs Edges; then obſerv 
wolutions and parts of 2 Revolution were compleated to 
this opening : and by Table (the way of compoſing 
— y), convert theſe Revolutions an 


.which halt ſhew pre 


Parts into Minntes: cd! In like manner, for obſery- 5 


ing mall Angies on the Barth, the Diameters of the'other 
Planets, che Diſtanced of Tagiter's Catellits en nd en 
the Moons Spots, &c. 


arab formaking the Table, "Kiel es! govt Git cho Me 


exomerctexaRtly in the aas af the Obje:-GlaG (by the Rules 
— — en ahr. Weck NI if it bo at very Akan C Ob- 


*fiar daun Ot otherwiſe in the reſpective Fo- 
Odjest We: may then com- 


5 poi the Table —— of ways: The firſt is more eaſie, 


...  thomotolo ern Certain and accurate, yet exact enough for 


wm Ules -o Mikaſure by Inches and [Decimal Parts che Di- 


ſimoʒ betbyeena e Object. Glaſs and Nlicrometer „taking in- 


tyeo Thirds of che Object. Glaſss Thickneſs: 
Ler ni ſappele e Diſtance 10 Foot, or 120 Inches, or 
doOον nh ind:we delice GE 1 We ae 


— Toi Ts —— ee "28. 5 85 pier! wo 
fore 4f'y dris ben ese 0160. Then ſinding by accu · 
rate Admeaſl how mam Revolutions of the Screwus 


or re quiſite the Edges 2 Inches ;: the ſamie 
—. 5 cor the Angle open Suppoſe — 60 Re- 


volutions o 


A chat the Object, * juſt affen a abs 


1. 
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etet of the Moon; Open the . 
\Micromiter” till the two Edges do juſt claſp or Ws the 
by: the Indioes how many Re- 


pen the Mictometer 2 Inches; then 60 Revolu- 
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| one Pei gives an A 
and th. dane part of a Revolution gives 32 445 7 ; 
thus the Table is compoſed to any Number of Parts and Re 4 
| volutions requiſite. But this Way, depending on the exact _ 
Admeaſurement of the Diſtance of the Mierometefs F phe _— 

_ (which cal. hardly, | be obtained to ſufficicar Accuracy, nleſs. 

we. moſt i ely what Number of Threads 1 in Phony 

there were in an Inch length; for then we. know, what Num- 

ber of Revolutions complet an. een ls not To ; 40 "wi" 


as what follows, which 1 0 
nd 2 . by 
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Wo is his: 
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Ope, . Mieromets Is - 
Ay enger! fich or 2 hel fe. 
pat | 
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olution are perforn 5 | 

pleat the Angle before calcu 4. tad: "the 
* and Parts that compleat any one —5 we may „ 
eaſily find all the reſt, as aforelaid. For in theſe Imall Angles ”. 
the Ang and Revolutions are proportional; that is, if a cr. . 
tain N ber of Revolutions give a certain Angle ; half this Num- _ 
btr balf this Angle; and the hundredth part of this Num-. * i 
ber gives 1 95 ugdredrh part of 1 Ec. 455 
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10 "AY firſt Method chat * prof fa for adapt 
| cromete, and compoſing the Table, T have allowed hor 
Object. mage Thickneſs in meaſuring its diſtance from the 
But this Nicety is hardly requiſite ; unleſs ir be 
in ſhort Tubes. For at the Radius of i Foot, 1 Inch is 
the Tangent of 28' 38"; and at the Radius of rs foot + one 
tenth bred an Inch, 1 Inc is the Tangent of 28 37; fo there 
| is but dne Second difference; tho we Tholild" ert orte reach of 
u Inch in admeaſuring che dance between che C bj 
| Gu and Micrometer. © ANITA 95 
4 I might'now mention the Applikation of 4 | 
ff; Hairs in the Focus of the Obje&-Glaſs of 4 
* help ro to 2 710 diſtant Objects in Penſpechkve 
e contrived Parallel. 
Pur ie firſt is obvious enough 
| the! ; and che latter is ſo''titaph 
cher 4 e a7 it his Dig 5 e s needlt 
#1 | lictids 5 with 
* Blind x i bt . Se ah 
e e cha curious 
1 „ thin, flat Glas, whereon there are Kean ths 
very he fine by the cunous Teint of, 4 Diamond 
finall than che moſt ne re [ 
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(19 , wine 19 the Ancients... (2) 4 — 
A afſage in A other. Paſſage in Pliny. _— 


(4% Probably _ about 1300. (5.) Friar Baco! I 


9! Pretence. (6): Inventers of -- the TOs (7+); Optic! 
Glaſſes ing known before the Tolſcope. Remark dire 


c Celoſtial Diſcoveries. the I 000 B te r 3 
%% Wart. (10. ) In Saumn. . Gallets 4 
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8 Gn (160 Inche Moon, . (179: la. 1 


x 
hy K ET 
4 Tt. 
— C—— 


— 


Z — 


* ' : 
' Ye +: 
2 4 
2 1 


25 netz whether inhabited, (1 8.) - Teleſcope 3 J 

(19) Uſes of the Celeſtial Diſerverie oy 1 cope, (30.) M-. = 
with 4 Tigape. Uſe 8 in Miuiature- Puitig. 
| ſuring Diſtances at one Station by 2 e. ee 
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Hat the "Ancients had no > knowledg of ) k-Gloſſe, ge web 1 
I moſt evident from their univerſal ſilence in this e 1 
Matter: Their moſt learned and inquiſitive Philoſophers make- a m eee 
Fe 9 hint thereof, in their Writings, 1 

And doubtleſs a e of that e Ul benefi- | 
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never have been rn  thar worth leaſt fader vv 
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. anni ſhould remain to Poſterity. The only Relief — 
. had for their decayed Sights were certain Gollyria% or Fye-Salves ; 
and when theſe faild them, they were left almoſt i in the _ 
ſor minute and cloſe Obi ect. 1 W. x 
We hear indeed mighty Stories of Achinaden ide * 
Ships of Marcellus, at a great diſtance from the Walls of 
Syracuſe. But whether the Matter of Fact be true or falſe 
(as I am very inclinable to believe it falſe), yet there is no 
mention of lis performing this admitable Elec by Optick- 
Glaſſes. © Perhaps, if chere were any ſuch ching done ar all; 
it was performed by by Concave Speculums: And no one denies 
the Ancients the knowledg of Catoptricks. For Archimedes him- 
felf writ a Book (as tis ſaid) De Speculis Uptoriis Par abolicis 3 
de it has never yet ſeen the Light” ©) 
W * yet there ate in the World a ſort of Men, to " 
to the paſt Ages, chat they will not allow any Im- 
provements Arts in the modern Generation, unknown to 
dhe Ages ſome Centuries before us. Of chis Claſs was he, 
(whocyer- he was)-ithat, rather than the Ancients ſhould be 
ignorant of Optick-Glaſſes, would forge a Paſſage in Plautus 
(which-really is not at all to be ue ec, in bim), for Confir- Þ 
mation of his Opinion. 
Proven (2.) Panciroltus ( who ach was too „Wadi 4 Perfon to 
27 % be the firſt Authot of this Fiction) in the Second Book De 
n bus Inventis, Tit. 1 5. quotes this Paſſage from Plautus, ns 
ö Vitum, neceſſe eſt Conf picilio uti: Which, ſays he, cannot 
* _ -., . fibly be meant of any other thing but of che Glaſſes Ix 
. we call Speckacles:. And his Commentator Salmuth takes ſomm 
_ to cite Chriſtians Becmamus (I ſuppoſe in his Oratio de 
barie & Supenſtitione ſuperiorum Temporum). for clearing this 
FPeſſag e of ns But yet he is ſo hard preſſed with i it, that 
by no Art, but by main ſtrength he breaks through it, and 
ſays, That notwithſtanding-that 5 yer certainly Optick- 
Glaſſes are a  modern- Invention. | Whereas | 


chi 


bil. Where b bal „0 Seel aware, that t t Ota iet „ 
Plaatud is 3 mere HR; and'that ho ih | 
found in all Bis Writings; he might e e A 
irs Force, without all char tr. For ſo We ſhall fd 
In / Abb; 

0 2 | An kw i it a 6h 3, Pat eee : 
60) Anorher place cited for ch Antiq. of perl Ohe e. 
is that of Play,” Lib. >. Cap.” 1.5 Hit Nat. wherein we nd ü. 45 
the word Specillum. To this Palla 5 we Have this Anſwer © 
in the forementioned Letters of Cluſtiani; that Spets wr cant. 
not poſſibly be here meant of 4 SpeBticke Glas. „ ſeeifn find 
the Expreſſion, Nungit Specillam; ;* which; ſays he, Ge f be 
underſtood! of & ptftacles, which" ve father wipe and ant, 
than anoint and greaſe. * But tis Conſttuctiotr of the Learned 
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Authors is much forced and'wmatyrat:" For the plain faule of 
that Paffage in Pliny is this. "Pliny in that Chaptet is giving 
Inſtances ke ſudden Deaths of many Men; and telling hw ' 2 
they were ſeized, whilſt they were doing ſo or fo, and wholly — 
thoughtlets' of that fatal moment. Amongſt many other _— 
Examples, he has this; Super omies C. Julius Medicus dum in- Specilum ] 
git, Specilun per Oculum traben. The. meaning * whereof ag .,—- 
is no more, than that the Phyſician C. Julius wur on 4 ſudden Probe. 
ſeized by Death, whilſt” he” war applying an Whyuent to bis Pa- 
-rients Bee, 2775 drawing” "his robe” (called Speciltum) WADE: £ 
Whereas, to joyn i and Specillion, Ipoils che 1 
rr Seniſe of the whole, and felder it e r ng 
Tis evident therefore, that from neither of theſe pafſag | 
can we draw any Argument for the Antiquity of Optick" Glaſſes. l, 
(40 Wherefore ſeein a dals thi u- e 


ö A miſt "neceffarily _ 
vention due to the Modert of the Wo or next Pfl. 1399, 
quiry ſhall be, Where firſt 15 
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a Italians, Geneva: bh on 
Gall, + diſcourſes Ae of the, Tos of 
8 e Fed b (of which more. anon) he has this no- 
cable Paſſage; That Monſieur du Cange had told the Authot 
TOR aze.) of a Greek Poem, the Manuſcript where- 
yo the French King's 2 wherein the Poet, 

25 10 1150, Jeſting on the Phy cians-of thoſe Times, 
{ays of them to this Purport in French, Qs ils tatent le Poux, 
& u il Regardent les Excremgns. du Malade aver une. Ferre. That 
9 the. Excrements of their Patients with ee 27 
Monſ. Menage is of Opinion, that this was a Tran] Teer No 
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Trey Yers fince che Art of 8 5 Speftacky Was found *" 
„ and is indeed one; of tie ati woſt ecelſary Anvers 9 
ig his Wilk e nd ages 
Abou the fame” time oe 465: Bernard Gordon 51 
Phy end of 'Monpelipy;, in this Liam Media! 
mens A certain Ke Pg F tarts Vimtir, que! 


—— — 


7 Thea Sh 


4 # * * * d N 
Aa 1 3 * n 6 Iu 4 - 
# * a — 4 * ” 
k 2 
1 2 wi N 1 % « 2 
9 rats A 8 8 . ow 1 1 
N 0 * 38 2 l 15 n nnen n TY” * 5 . 5 3 TIER © 
Oe 75 „ „K 
n / . ee 


| 
| 


TS, 
5x 


nem. 1 the. way of co 
be looked upo 


© plainly made gur fr 
own Words, in his 


\ Nat. he. not Koh 155 
e Convex and Co oncave- -Glaſſes $3. but 
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ing, dein e J contrary. has pre va d; the Votes of a 
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we pleaſe. E OY | ry _—_— 
11 . theſe Things may not ſeem incredible of this Great | _ 
Man; who, in that dark, ignorant Age could be maſter of 9 
theſe admirable Inventions; I ſhall refer the Reader, for a 
more compleat Account of him, to 4nt. « Wood Hilf. & Ati: 
tiqhit. Univerſit. Oxonien ſis, Lib. 1. Pag. 13 6. and to Dr. Plots 
Nat. Hiſt. of Oxfordſhire, Cap. 9. Sect. 2, 3, &c. and Sect. 39, 
40, 41. Where we may find, how he was perſecuted by 2 


ignorant malicious Friers of his Order, as practiſing Magick 
and Necromancy : for which they caſt him into Priſon, and 


% 


there detain d him for a long time, ſome fay to his Death, 

in the 78th. Year of his Age. There we ſhall find, how he 
was the firſt Promoter, of the Emendation of the Calendar. 
compleated afterwards in the Time of Pope Gregory I, 


oy . 


But above all, his Pretenſe to the firſt Ives de; 
ſeems as well founded, as poſſible, on this 1 in his E- — 
| piſtola ad Pariſienſem, Cap. 6. (a Hundred years before Barthold, * 
Swartz, lived) In omnem Diſtantiam quam volumus , poſſumus 
artificialiter componere nem comburentem, ex ſale Petra & Alis; 
(Theſe Alia, in another Manuſcript Copy, are, Sulfur c. 


j 
4 
ba 4M * 
- 


vention of Gunpowder Bacon in- 


* 


Carbonum Pulvis ) And ſoon after he adds, Prater bac (3.e. f 
Combuſtionem) ſunt alia ſtupenda Nature, nam ſon velut To- 5.6 
mitrus & Coruſcationes poſſunt fieri in Are, imo majore Hirroxe * 
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Note. 


uam illa que fit * Naturam: Nam modica materia adapta, fe. ad 

n unius Pollicis, ſonum facit horribilem, & Cornſcationem 
oſtendit violentem, & hoc fit multis modis, quibus Civitas aut Ex- 
ercitus deſtruatur. : Igne ex ſiliente cum Fragore ineſtimabili. Mira 


hac ſunt, ſi quis ſciret uti, in debita Quantitate & Materia, By 


which laſt Paſſage we may guels, he had not the way of ap- 

lying it to a Gun; _ tis manifeſt, he was ſenſible 
that ſome ſuch Uſe might be made of it. But the particular 
Manner did not offer it ſelf to him at firſt 
I Confefs, I have not by me at this time the Originals, 
from whence theſe Paſſages are quoted; the preſent Diſfracti 
ons of our miſerable Country having ſeparated me and my 


Books; and the Place, where I am, affords not the Copies : 
Therefore, if in theſe Quotations I am any wiſe miſtaken , I 
muſt not be blamed, 'acknowledging that I have them at Jecond 


band from the forenamed Authors. 
But to return to our Oprick-Glaſſes.  *Tis evident that Bacon 


was acquainted with them; and probably knew how to ad- 


apr them in x Taleſcope. But the long and cloſe Impriſonment 
ke ſufer d before his Death (for tis ſaid no one was per- 


mitted to ſpeak to, him; and-that all his Writings, Books and 


Inſtruments were ſeized and burnt ; EXCEPT only thoſe few 


: N of his which we have faved accidentally ) was the 
_ Reaſon, chat we have no farther Advancements of his in this 


SEE 654 boy +) SI ie ae 3, Bi TEES is At ef 2 92 
Find transmitted to Poſterity. But tis very probable that the 


a 42 
* 
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ue of ingle Glaſſes in SpeZacles, as b 


* 
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Glaſſes in Sp being an Invention of 
immediate Advantage to Human Life, and in it ſelf very eaſie 


and fimple ,. might therefore be preſently catched at by the 
World, and put into Practice: Whilſt his other more curi- 


ous Combinations of Glaffes might be loſt and forgot. 


And chis J am the more inclinable do believe; Firſt, becauſe 
Frier Bacon's Time agrees ſo well with Frier Jordan's foreci- 
ted Teſtimony n. 1305. That it was not then twenty 
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years fince the 
we find this ſort of Montiſh Men firſt take notice of the In- 
vention, before all other Men; which ſhews, they had it 
delivered amongſt themſelves only, for a while before others. 


(6.) And thus much concerning Frier Bacon s Pretenſe. But (6. More - 


that I may not ſeem altogether partial, I ſhall here add the Bag, 


Opinions of others, concerning Other Inventors of the Teleſcope: Hb Te. 


79 
For I find no other Pretenders to the Invention of ſingle 88 


Convex and Concave Glaſſes, but the forenamed. Borellus 

written a ſmall Tract purpoſely on this Subject, De vero Tele- 
ſeopit Inventore : Wheretn, Cap. 12. he ſeems to give the In- Wow 
vention to Zacharias Joamides of Middleburg in Eeland, An. Zicharia 
1590. Another Candidate for this Diſcovery, he names Jo- . 
hannes Lipper boy, or La Prey, 4n. 1609. A Dutchman allo, jo.Lippe- 
whom Surturus calls Lipperſein. Adrianus Metius Mathematick 7 
Profeſſor at Franequer ſays, his Brother Jacobus Metins of A Ja Metis. 


maer was certainly the firſt Inventor of the Teleſcope. And if 


we believe the Italians, we ſhall have the Honour of inventing 
this Inftrument conferr'd on the incomparable Galileo. But he 
himſelf in his Nuncius ſidereus conteſſes, that the firſt Intima- 
tion he received of this Inſtrument, was, that a Dutchman had 
then lately made one; which ſet him (Galileo) upon the 
thought how to effect it; which, he ſays, he ſucceſsfully diſ- 
cover d by the conſideration of Refraction, and found that a 
Concave and a Convex Glaſs rightly adapted would perform 
what he only heard in general of the Dutch Invention. 
But certainly the firſt Publiek notice of this Contrivancte 
came from ſome of the forementioned Dutchmen ( for Frier 
Bacon's Hint mentions not the particular Combination of the 
Glaſſes) and therefore the Inſtrument is deſervedly called Ti- 
bus Batavus. Though we muſt confeſs at the ſame time, that 
Galileo, 4n. 1610. ( ſee his Nuncius ſidereus) did firſt apply 
this curious Inſtrument to Cel — Obſervations; and had t - 

1 2 made 


vention of Speftacks: And fecondly, becauſfſe 
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FF X46 7 
made ſuch wonderful Diſcoveries in the Heavens thereby, that 
all his Philoſophick Succeſſors have ever ſince attempted to 
climb higher, by lengthening their Ladders, and advancing 
this. Inſtrument by many Degrees. However I muſt not 


Baptiſta here conceal the Pretenſe of Baptiſta Porta, who, in his Magia 


Naturalis, Lib. 17. Cap. i o. Printed An. 15 89. has theſe Words, 
Si utramque ( Lentem 2 Concavam & Convexam ) rectè componere 
noveris, & longinqua & proxima, majora & clara videbis. But 
Porta s Character is fo well-known, that we may eaſily ima- 
gine, he had got this Hint from Holland. e 
Fontana. | Franciſcus Fontana a Neapolitan, in his Obſervationes celeſtium 
terreſtriumque rerum, contends that he himſelf Au. 1 608. firſt in · 
. vented the Teliſcope, compoſed of a Convex Object-Glaſs and Con- 
5 dex Eye-Glaſs: For the Tubus Batavus, and Galileos Tube was 
furniſh'd with a Concave Eye-Glaſs ; and Fontana confeſſes, it 
was before his; and that Au. 1618. he firſt invented the dou- 
Rheita, ple Microſcope.  Rheita in his Oculus Enoch & Elie, Lib. 4: 
towards the end, pretends to be the firſt Diſcoverer of the 
erecting Teleſcope of three Convex Eye-Glaſſes, as alſo of the 
Teleſcope for looking with both Eyes, called Tele/copium- binocu- 
lum: Of which latter, Cherubin has wric his whole Volume, 

I Viſion parfait, &c. . | 


* 


el, (7.) Thus we ſee, how long the Ule of ſingle Optick Glaſ- 


I ic 


ſerlng, ſes was common in the World (even about 3 00 years) be- 
3 fore Men rightly underſtood their due Application, in the 
Teleſcope Compoſition of this admirable Inſtrument. They had them 
in their hands, they look d through them, now a- Convex, 
then a Concave, and admired their Effects, and the Help 
they gave to diſorder d Eyes: bur ſtill were ignorant of the 
val Advantage the moſt acute Eye might receive by them, 
even to the Increaſe of its Power, lome Thouſands of Degrees 
beyond ics natural Abilities This was reſerved for ſome lucky 
Chance in a future Age, to be diſcovered by him that —_— 
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firſt be fo fortunate, | as to adapt theſe Glaſſes: at their die 
Diſtance: for to ſome ſuch happy Hitt, I imagine the In ven 
tion is due; and not to any profound Thought on the na- 
ture and properties of Glaſſes, that firſt (i ans the Contri- 
vance to the Dutch Mechanick, that was its Author. 


ve And this does naturall 5 ſuggeſt a Thought to us, of ſome 7 we 
incouragements in natural Enquiries, . by the method of expe- Diſere- 
rimental Philoſophy ; pr roam we are every day ingaged a- ned 
mongſt ſome particular Things, which we commonly ſee, han N 8 
dle, uſe, and are converſant with ; and which have in them 
ſome latent, hidden Properties, which, upon a right Application, 
(co be diſcovered perhaps by ſome lucky Hitt). may be of the 
moſt uſeful and ſurpriſing Effects. And that therefore, we 
ſhould not deſpair of making the greateſt Diſcoveries about e- 
ven the meaneſt Things. Who could expect to ſee ſuch Wonders 
from an eaſie Compoſition of three ſuch plain, ſimple Bodies, 
Niter, Sulfur, and Charcole, as we daily ſee from Gunpowder } - 
And the Property of the Magnets drawing Iron was common 
ly known many generations, before it was ſo happily .apply- 
ed to guiding a Ship: Who could have thought, by looking 
upon that dark unpromiſing ſtone, that ſuture Ages ſhould uſe 
it to ſuch a ſtupendous and advantageous a Purpoſe, far ex- 
ceeding the Virtues of the moſt illuſtrious Gemms? Hence may 
we learn, not to deſpiſe the Products of Nature, even of the 
meaneſt Appearance. And let us not ſay, that any Diſcovery 
is uſeleſs, ſince we know not what Time and Poſterity may 


produce from the ſimpleſt Truth. And this naturally leads 4 | 


me to the diſcoveries made by Optic Glaſſes. _ 


(.) Galileo (as is noted before) is deſervedly reputed che ©) 7 


firſt that raiſed up this Gigantick Inſtrument, that ventures to 1 
climb Heaven and from thence brings down the Stars. He ſcope. 
firſt, was ſurprized and ſtruck wich wonder, to ſee four little 

Moons dancing round Jupiter, chat from their firſt Creation 
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to the lucky Moment when he 
never ſtruck the eye of any mortal Inh 
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of ant of this Globe. 
Were theſe'theti made for the Uſe of poor Man, from whoſe 
Knowledg they were concealed for 3000 years together? Vain 
Man! that thus preſumes to confine the Deſigns of the Almigh- 
ty Creator to miſerable Duſt and Afhes; when his infinite Power 
can make Millions of intelligent Beings, and all intelligent af. 
ter different ways, to ſerve and praiſe him: And theſe perhaps 
are the Inhabitants of theſe diſtant Worlds, and of thoſe again 
infinitely extended beyond theſe. Tis true indeed, now theſe 
little Planets are diſcovered, we have happily applyed them to 
an advantageous purpoſe (as ſhall be ſhew'd hereafter) But 
this we are to eſteem as a particular Benefit of Providence to 
theſe latter Generations ; and reſpects not all the general Race 
of Mankind, that lived and were buſie for 5000 years together; 
and knew nothing of them. But in this ſtupendous Enquiry 
I ſtop, as not being able to reach it with the longeſt Teleſcope. 
To keep therefore to our Subject: I ſhall take the Hea- 
vens in order, as they lie ; conſid firſt the uppermoſt, and 
ſo deſcend down to our Earth, and ſhall briefly declare the Di/- 
coveries made in each, and (as far as I aan atrain it) by 
whom and when; with farther References to thoſe Authors , 
where each particular may be found more fully treated of. 
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Sete  (9.) And Firſt, for the Fixt Stars: That whitiſh Band or 


fFixt Stars. 


— 


paſſes a great ſcope in the Heavens, and of which the Ancients 
could give no tolerable Account, is found by the Teleſcope 


Zone, the Galaxia or milky Way, that ſo irregularly incom- 


to be no other, than an heap of very minute Stars thickly ſet 


together; which, by their great Diſtance, Smalneſs and Cloſe- 
nels, appear to the naked Eye, as one united whitiſh Cloud. 


In like manner, the ene Orionis, Præſepe Cancri, Cc. are 


found to be a 5 4 of ſmall Stars cloſely ſet together, 
but eaſily diſtinguiſhable by the Telęſcope. The Pleiades or 


ſeven 
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ſtellation of Orion, the Teleſcope diſcovers more Stars than the 


naked Eye can number in all the Heavens. On this Account, 


the Seed of Abraham, tak was to be made numerous as the Stars 


in the Firmament, may yet (fer ought we know) admit of 
Propagations through many future Generations, before it comes 


up tous Limits. And the number, which Archimedes demon- 


ſtrated greater than chat of the Grains of Sand: compoſin this. 
Globe of Earth, may perbaps-fall ſhort of the Stars 4s the 


Heavens: AFonidanilp any Corner of the Firmament ſo dark ; 
But the Teloſcope, turn d 1 ty Aale Multitudes of | 


glittering Shangles therein. 


(to.) From eee eee us nts our proſpect, and (ro) In 


Saturn. 


in / a vaſt, long, and almoſt iimmenſe Coutſe homewards, w-we 


firſt meer with Saturi By this flow Motion he takes State up- 


ordinary. Bit the ſhort ſighr 
ſees val a plain round Globe, as the reſt of the Chorus dan- 


eing round the Sun. All his Equipage and Attendants are bid 


from our View, till furveyed more doſely by the Teleſcope: 
And then bebold a mighty Ring parallel to the Equator, 
. brighr as the Planets Own Face, encompaſſing round his Bo- 
dy; very chin, and ſeparated in all Appearance on all ſides 
from his Globe: ſometirries ee broader, ſometirnes nat- 
tower, and 1 1 2 then again ceturn- 
A — andre 7 — its former 
| Spe, rr againby NO es according to his own: 
Periodical Motion. Bur his —— his Equipage, ſor be- 

ſides this Throne of Light, chis Majeſtick Planer: is conſtantly 
attended by a Guard ot Ne Satellits, that en Ro Motion 

55 A round him 11 Rog 1 HOES. 9 4 
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Saturns Appearance” 


* 


4. 1610. Oftob. 


of his Italian Letters: But his Glaſſes were too ſhort to give 


the true Shape of this Planet. All that he deſcry d was ſome- 


thing appendent on each fide of him, 'which- he took to be 


two Globes much lefs than Saturns own Body; and therefore 
he firſt publiſhd (and at the ſame time conceal'd ) this Diſ⸗- 
covery, by tranſpoſing the Letters of this Sentence, altiſſumum 
Planetam ter geminnm ohſervavi. But when the Teleſcope was 
better advanced, (as what Invention is it, that receives not 
Advancements in Time?) the true and genuine Appearance 


taken notice of. But though ſeveral Authors writ Treatiſes of 

this ſurpriſing Appearance, and particularly the celebrated He- 
velius (de nativa Saturni facie) Hodierna, &c. yet all their Obſerva- 
tions were” imperſect and deficient; and chiefly for want of ex- 
cellenc Glaſſes: Till the incomparable Chriſt. Hugenius has put 
the laſt hand to this Affair; and in his ingenious Treatiſe, Ste- 
ma Saturnium, Hag. Comit. 1659. 4. has publiſh d to the World 
2 compleat Hiſtory of all Obſetvations of this Planets Appear- 
ances with a moſt ingenious Theory for their Explication. In 
the beginning of the year 165 5. his excellent Peron firſt diſco- 

vered the biggeſt of Saturns Satellits with a Teleſcope of 12 feet, 
charged with an Eye: Glaſs of 3 Inches; afterwards, Au. 1656. 
he doubled that Length, retaining the ſame Eye- Glaſs. The 
Satellit he diſcover d, is the Fourth from Saturn; and in the fore- 
named Treatiſe, he gives us the Epochæ and Tables of its Mo- 
tion; But our moſt ingenious Countryman, Mr. Halley, de- 


ſervedly celebrated for his Aſtronomical Labours, diſcovered 


in the year 1682. that Hugtnius s Numbers were conſiderably 


run out; and therefore he ſet; himſelf to correct the Period 


of this Satellit, which he has done accordingly, Num. 145. 
Pag. 82. Philfoph. Trayſaf?, And in Num: 187. Pag 299. 
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Jar ae rogerher vrih cheir diſtances from Seton eden. 


The other four Satellites were all diſcovered by Monl, Caf: 
ſau in the Order following. The third and fifth were firſt ſeen 
by tum, 44.1671, 72 and 73. bya 17 Foot Glaſs of Campani, 
and 36 Foot Glaſs of Diviui, and by. ſuch. another of Borelli. 
An Account whereof may be ſeen at large in Num. 92. of the 
— Philoſoph. Tranſat. But the innermoſt or firſt, and the ſecond, 
Were not ſeen by him till the year 1.684. at which time, ha- 
ving procured Glaſſes of an extraordinary length, as 80, 100, 
150 and 200 Feet; the vaſt diſtance and ſmalneſs of theſe 
| Planets could no longer conceal them from his fight. Vid. 
_ Philoſoph. Tranſat. Num, 181. 3 
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Saturn. 


. Thelaſt thing I ſhall take notice of, relating to this Planet, is, Era 


y 
1 
P hich, as it relates to the Teleſcope, may ptoperly be here con- 

ſidered. I ſhall chereſore briefly propoſe ſome of the chief diffi - 
_ culties, that ſeem to attend tiiis Theory: And that I may not 
be prolix, I ſhall ſuppoſe the Reader acquainted with What 
Monl. Galler lays down in the Juul des Scavans, d., 1.684. 
Mo 15. & Jun 12. and in Lari inthe As Lipſe, 4.1684 


Firſt therefore, he ſuppoſes Saturn and the other Planets, 


1 * 


£ of 


* 


4 - 


except the Moon, polite, Globes, reflecting the Image. of the 
Sun as a Convex Speculum. Which ſeems not at all to be 
founded on more than mere der For we have no Rea - 


, 4 


ſon to think them different in chis particular from the Moon; 


C 


- Which is found of a rugged. uneyen. Surfacde. 
© Bur ſecondly, granting chat chey. (and eſpecially Saturn ) 
may be polite Spheres, (for we will not confine the infinite Va- 
ricty of the Creation ;) and granting that Saturn reflects two 


0 


3 ? 
+ » he we 


That Monſ: Gallet, Proveſt of S. Symphorianar Avignon,in the year tm, 
84. has advanced an Hypothe 1s for ſolving 1ts Appearances 3 go | 


* 


E 5 of che S r a Obbivbx 
Surface; as we Te a Convex peculum is ir ſelf viſible, by the 
.+ Rays it reflects diſorderly from its whole Surface; which 


ſo far partakes of a Vids Roughneſs) ) and at the lame time 
"ye a bright and orderly Ima S of the Sun, from one der- 


in part of this Surface & the Eye tightly poſited : Yer this 
brig br Image of the Sun, which is reflected from Saturn, 
2 far ſoever Saturn be removed) can never be proj mot 
by an Objea-Glaſs, in its diſtin Baſe, greater 205 th Pro- 


jection of the whole Body of Saturn in the ſame diſtin 
Baſe. And yet (if I miſtake'not) this is the Foundation of 
Monſ. Gallers Theory. This is ſo evident to any one the 
leaſt verſed in Dioptricks and Catoptricks , that tis needleſs. to 


inſiſt upon it aun longer. We may make a convincing Exp 
riment Expoſe a reflecting Convex Speculum bef 


the Gas and by a Convex-Glaſs project the Image of this | 


Speculum on a Paper in a dark Room: we ſhall there ſee 
che Repreſentation of the Speculum 
mage of the Sun on the Speculum. And indeed by the Teaft 
Conſideration of the triatter, it will be evident to ds, that” dis 


impoſſible it ſhould be otherwiſe: For the licrle oh of the 


Sun, reflected from the Convex Speculum, poſſeſſes 


ry ſmall part of the $ 7 850 s Surface; = therefore Ne 


pollibly be projected, by the Object-Glaſs in irs diſtinet Baſe 


greater than the Projection of the _ Speculun Klelf. 


The ſame may we conceive of Saturn, by ſuppoſing him a 
Convex, polite, reflecting 'Spectitum ; 62 though he ſhould 


ow beſides the Figure of his own Body, reflect the bright 


age of the Sun, from a Ma part of P'S eee Surface 
the Object · Glaſs; yet the Object. 5 Glaſ could never project, 
in it na Baſe, the Repreſentation of this Image of the 


Sun n than the rr 1 mma of the whole Body of 
Yaturn. 


it ſelf, and of the bright I. 
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from hence 3. thay che Object clas Press in ü. dt iQ Baſe; 
the repreſentation of the . Image of the - er >> 


equal to the R — of Body: 
Projection of ou it is leſs, r. Ther: i Diſtant? of cheſs 


we can make no difference between che Diſtance « Saturn - 


2 21 


conſider d as a Concave M 
hes Surface. either Plain os-Canvex beſides che Concave; (as 


from Saturn's Convex polite Surface, greater chan-(orclez the 
out) the Repreſentation of his Body itſelftf. wig rie 
_ . | Thirdly; Monſ. Gallat affums, that thoReaon why. Jupiter, 


Mars, We... are not projected-by an Object. Glaſs, in its di- 


ſtinct Baſe, with a Ring or Avſaæ, is becauſe theſe Planets are 
nearer to 3 than 7 — And therefore in the Projection of 


Jupiter, the bright Image of e 
Surface, & repuſencd by the Ob —— 


Planets (even of the nigheſt) is ſo v — ads | 
eee 
chat in compariſon to this ſmall breadeh of an 


and even Mercury. ; 
Laſthy, the Experiments, on which Mon Galle dnn his 
who leg pocheſis, ſeems not at all to confirm; or in the leaſt: 
we to reipect what he builds thereon. The Phænomenon 
— e the dun · Beams by an Object. Glaſs on 


polited obliguely, proceads from che Object-Glaſs being, 
Speculum, having allo ano- 


I. have noted — Chap. 4. Sec. 4.) and yet he fuperſtruct 
hereon A Theory, f or explaining the Appearances of Convex: 
ſuch as he makes the Planets. This will be 

ak 7 Tab. 40. Hg. 4. , Wherein,: ſor eaſe ſake, we take 4 14e Fa. 
Plano-Convex Glaſs a bc, a _ expoſing its plain ſide ae c oblique- 


ly to the Suns Rays d e, de, d e, ſome of them ſhall be reflected 
by 15 na ce ge c into ee f,; ef; but ochen of chen | 
Hoi | | Mm . entring 
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entring the Glaſs run on in e i, ei, e i, t here con- 
ſider the Refraction they ſuffer) and ſo falling on the Con- 
2 Surface aibic (tor ſo III call it) are re 
co 


4c. They that deſire to enquire farther into the natural Cauſe 


ing to the Laws of Spherick Catoptricks : But the Reflecti- 

ons of theſe immerged Rays I have not expreſſed, for avoid- 
ing Confuſion in the Scheme. I acknowledge, the Phyſical 
Cauſe of this latter Reflection, from the Surface of the Glaſs 


" ai ic, is perhaps not to be accounted for by Human Un- 
derſtanding; but the matter of Fact is certain. One ſhould 


think, when the Rays are arrived at the extreme Points 


i, i, i, of the hindmoſt Surface of the Glaſs, they ſhould, with 


out any of them being reflected at all, emerge from the Glaſs: 
But tis manifeſt ſome of them are reflected, and that too, juſt 
in the ſame manner, as if the Surface aibic were a Polite, 

pake, Concave Surface; and not covered by the Surface 


i 


of, may conſult Grimaldi Phyſico- Mathe ſis de Lumine & Co- 
.. 
Tis then by the Reflection from this Concave Surface a ibi c, 
(give me leave ſo to call it) that the ſimilitude of Saturns Auſæ 
are repreſented in Gallets Experiment; and by the RHection 
from the Plain Surface a ee c, that the Similitude of his Body 


a repreſented in the ſaid Experiment. And how this can be 


accommodated to the Reflection, which Saturn himſelf makes 
from his own Body, and to his Appearance through a Tele- 
ſcope, I confeſs I cannot apprehend. Moreover Gallet's Hy- 
e 
G 


ſis gives no Account of the two dark Spaces on each fide 


lobe of Saturn, between his Body and the Arſe.” For 
the pas, on which he founds his Fancy, ſhews no ſuth 
Diſtinction; all being inlightened therein: As will be viſible 
| "Twere too tedious in this Place to conſider particularly 
Monl. Gallet's Scheme, and his Particular Syſtem of Saturn ; 
| 5 1 


8 piopoſes' is Of 4 


their Strength, and _ quick 


=» - 


him: Though Vanity and deſire of being the Author of ſore | 


fixt Stars -(only Tra Hy 194; by the” Mer lv 
| him. | 9957-115 TEL 23.545 


act A ſvitions of their Motions, tis requiſite, we uſe 
of 10 and 12 Feet and upwards. From the tine o 


vercomes theirs, and they 


he requiſite. to a chis Phew b heory a; 
Dioptrical"\Qor R 
ver 1 been rakey notice of gk het N nd becauſe he 


ies with it 40 1 Probability e G2 Io BIR b 3, by 


"4p i.) Jupiter next preſents Lamel leſs ade the 


are but four in number, yet their ſize” and brightneſs ſhewy 
otion round bim fliews theio 


ij *{ 2 „ 
. 51 DO, ange If F154 008 


Ne 


Diligence. 98 0 

Galileo was certainly te firſt ien of this Globes. 
char ever ſaw theſe Sacher Jan. 7, 1610; And from that 
Moment to this, no more could ever be diſcovered about 


n 


Noveley, made Frier Ant. de Rheita\pro ſo far, as to write 
4 Tract of 5 more Satellitß Fa in all) about Jab: 
Heoekus, in the fourth Chap. of his Selenograj N — demon- 


ſtrated the Frier to he miſtaken, and has 


e 1 

Theſe Satellites are caſtly ſeen by a 3 Foot Glals, 1 wi 
juſt perceived them with one of 15 Inches. But to it ke ex. 
Tubes 
their 
Diſcovery, many curious Aſtronomers have attended theit 
Motions round Ju 416 piter with a diligent Eye; and have found, 


that ſometimes 


ſometimes they are hid behind the very Globe of their g 
Lord; and ſometimes being juſt in his Face, his Splendor 6- 
Pee inviſible as 4 a glimmering 

Lamp. berween the Eye es Sun. 1 n 75 
oh, 


*\g 4 * 
3 aj 
_— ? 
25 


ling into the Shadow of Japiters Body, 51 
difappear; and ene emerging they again become viſible 


| turn, yet not want wy Court! Train: For tho-his G Sade. | 


Galileos.. 
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RE Long op of Places 
the latter finding the Number of 
to the preſent Time, from moſt. 
-oWn,. taken hy the; Teleſcope. and Micromerer, has fixt new. 
SF tothe Pheno- 


to a great Certainty. A 
CG bp 85 N not ls; 


mega; but with che. 
bers, as by 
For he is not Io Ur. 


f 20 1 
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465. 


A ety wixk ar 
out, Within wha! 
ar rvable. Theſe Directions he repeats. in. F 
Num, 165+. 3 8 for the uſe of Forrciners. In Num. 
518. 24 % e ie -clipſes for the year 1686, 
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1 * 725 
EE e and ofche Ta 
arallaxes, the Appearances 
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Ae in Ae year might be e — delineated by. 4 


and 
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Tok I. he will impart 
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4ult chi Artia dk che $atths," 7 Utah itt Seite 
1 8 2 5 of ati Oblryatibh,| which, by mere 109025 2 


made fome years ago ,, Of 1 Total Vieh e Trad) e a. a 


liter. © Thc _ attt Jed ckelt Motions With Tele- 
pe öf 12 Foot; ah Fog e aj fill. on 2200 
at x tine, very oleh thre, fee bu, But never" els than 
one, and this but very * (681. Now! nb. 2. Hor. 
t:p . Dablini St. Ya. th Vas Fo IN of 8 511 'y 55 ter. 
there" food by 15 Is all Appearant Pon $a out his Guatds*; 
anda bold Lat mi ght Have pu fi Tale m his 1 wie 
olit Refiſtance. 95 5018 7 1004 'd from | | 
Friend Nr. Flamſterd his ables of ie Metions of 
x Andthe Poftates of theſe Jovial Moons; t that 115 oy, 
/ ther (to be 2b 8 exptclled in Ta ry. 3. Th 

and nh, Were f uſt in inhis Face zand Were 18905 dtownd by his 
Lig hi, atid the ſecond was Behind his Body. The ratity o fs 


nd 4 


ps tho that are more. frequent! 'd in watch 
7 5 85 may 1 meet ſoanctimes 5 l lik 2 


e Gade 


but J believe tis very ſe ſeldom. rg in his conſtant At. | Ge | ut. 


fs $6 FI 4 S 


N off thein, for more than A year and half, hit not +; 1 


fiich' an þ ppearance;. as may be. ſeen by iche Hit Ny, of AY 


i ObBeiaridns! Ar. the end of his 8 18 a 2 ; Nor Cale, . 


as 18 manife(t” from his forementioned Pls ne 
Beides theſe Tots little Moons about Jupiter , the Teleſcopes Jupiter's 


discover other Remarkables even in his Body. As firſt: his %. 
OT : ä 


(nie of Whlch Fact very” pred 


ay” 15 F : 


rſt thike T.4o. Fg. 


ap arance atleaſt t6 n annere ne He 105 F 


1 4 


darker Parts; 4 4 tele, ARC. 
Tones or Belts = mY + $i ; 
Tap. Fa in 15 . Tab. 40. 

Jupiter's 


25 5 5 ſeen by « our 


geatton. 


0 14 6 wh 4 3 * 1449 # $3 D259 
u r. Hao May 9. h. 
e 1 1. 


its own Ars 
by che e l Ai 25 ü "Spas in 26 EE and 0 * xn 
monſtrated, that th „ An 
days. Jupiter has four "ſecondary Planets moving round him 
and he himſelf in their Centre turns on his Axis: our Both 
has a ſecundary Planet, the Ion, that moves round her once a, 
Month: is it not therefore hi hly probable, thi the. fr ale 
revolves diurnaliy on its Axis? For a farther account of this Spot 
in Jupiter, TA to the P hiloſoph. Tranſact. N. i. P. 3. N. 4. P. 75. 
N. g. P. 143. N.12,P. 209. N. 15. P. 246. N. 83. P. 4039. 
e N 2.) But before I leave Saturn and Tupiter, I cannot bu N 
sr take notice of one admirable Property, for the Enowled 
turns and wliereof, we are beholden to the 1 and that is, t * 


Jupiter's 


Satellite, wonderful Agreement which is found in all the ſeyeral Sy 
evincing of our Vortex; as well between the General Sy/?; ſtem of Re Sin, | 
bog Land Primary Planets with the particular Syſtem o Saturn's, or 
Jupiters Planets, as between the particular S ſtems tbemſelves, 
in this ſingle Property, That the Periodical Times of the Planet 
: hg a are in 4 | elquialtera 44 of their Diſtances from the 


Centre 


A. ES rn TEE DET ms) HOY — 
8 . SLE T 2 
S J 3 * i 1 
8 „ N 7 5 . 
* * 
* 
| zur e f 
- 


As“ he notes, Hypoth. 7, 8. This is alſo yerifyed by Mon- 


uare of the Period of he 6k 8 K Satellite, 1. tance )1;; To: 
the 80 Square. of the Period of cheiſecond.:: S0 the 8 of. 
che Diſtance of che firſt from Jupiter's Centre: To the 


ene e, 


Cube of the Diſtance of the ſecond from his Centre. This TY 
holds moſt. exquiſitely true in Jupiter's Satellites, a8 is noted N 


by tte admirably learned Mr., Nerton, in his incomparable 

Treatiſe, Philoſophie Naturalis Principia Mathematica, Lib. 3. 
Hypoth. 3. And che lame Law as þ Motion is ſtrictly 'obſerv; c 
by the five Primary Planets, and the Earth about; the S 


Caſſini in the five Satellites of Saturn; as appears by his) Ace 


count of them in the Philoſoph. Tranſat. Num. 924 P. 378. | 


N. 133. P. 831. N. 181. P. 299. Gan 118 
And from hence may we juſtly fall into th hed epelt Adtnira+. 
tion, that one. and the ſame Law: of Motion ſhould be al 


ed in Bodies ſo. vaſtly diſtant from each other, and which, le „ 


to have no Sen or Correſpondence with each other, 
This does moſt evidently demonſtrate, that they were: 3h at 


firſt put into Motion, by one and tl e ſame, unerring Hand, e 
che et Power and Video of Got. mho 9 ug Or * 


Jens e Krege in the Mac n 0 Sil; "nally Fi 
ſtant: 5 Intention in the firſt. 
Mover. And wit Submiſſion — Reverend and Learne 


Divines, I am apt to think, that one Argument drawn, from 1 
the Order, Beauty and Deſign of Things, is more forecible a- * uns 


gainſt 3 than MES — 9 Proof dra . 
| theſe ſhould 10 their Pn Str beſie 
vens, even the little Globe we inhabit "ip ls us. 
| . kind: And fot 3 AG lo u 1 ks 
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09 more Din in Mr. = Charlton's ee FEW 00s © 
Box of beantiful'Shells,” of delicately painted Plants, curioufl 
| adorned-Inſefs, Serpents, Birds, or Minerals; than in large V 
lumes of Notional Writers. For Animals, Plants, and Mine- 
rials do yield us abundant Inſtances, which viſtbly ithew a De- 
or End propoſed; which, as it cannot pollily- conſiſt. with 
Wan, ſo neither can it be apprehended to have been fo ab 
1 aterno: For tis abſolutely unconceivable, that a thing deſgned 
Is for ſome End or Purpoſe, ſhould not be ſo deſigned in time, 
by ſome de Ken dun ng. Bur 1 bog Pardon for this Digreſſion, 
eraſe g ged beſore Was aware. . ferurn 
= to our Su | 
* "(13.) Mars Se next; pu ruſting in 8580 
$ Stren 4b is attended by no Guards ; But the Proves Tdeſcope 
d e in his Face Scars Hoe, and Rupgedne) 5; as . ma 
2 find in the Philo fact. Num. 1.4. P. 239. &c. 
1 Ne. Spots the zan Cech has determin d, Has he turns on his dn 
4 Aris once in 24. 46'. tho others 2 his Revolution per- 
x formed in juſt half chat time (a Miſtake eaſie enough) vid. 
YA Didem. Phe Kery Face of this Planet requires a very good Te- 
1 leſeope to view in, ac a mall Aperture on the Object. Glaſs: 
or elle this Glaring Light makes but a confuſed” Appearance. 
But however furious his Beams are, he is beholden for them 
(as all the teſt of the Planets) to the great Fountain of Light 
and Nea the Jun. For what the great diſtance of Saturn and Ju- 
Feier, and their being ſo much above the Sun Cas I may ſo 
. fk) eat) bude us frem ſeeing,” viz their Increaſe and Decreaſe 
Y ee 6 Lin like our Neon, is very viſible in the Planet Mars ; Sy 
Who, in His ad- #s with the Sun, and in his Perig 
knen, 0 be ſten Amoſt hi fete, bur never —_—— 0 
other 8 . id, Fevelii 'Selenogy raph. Cap. 4. P. 66. 
4 K. (614.) an ety exper 1 pteſent; in whoſe brighe 
=Y Face, we can hardly expett' to find dark Oo yet duch chere 


are, 
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. liſhed 4 127 © 0 in Fl. of a A . 5 
the end of his Selenography, has many @bſervatiohs of ches 


Maculæ; as alſo of ſome brighter Spots in the Sint, called Fa- 
cale, The Way of oblerving'them is taught at large, in the 


foreſaid Authors; and is in ſhort, either by admitti ts Light 


of the Sun through 4 Teleſcap 


upon a white f „in a 


dark Room; or by arming the Eye with a mall thin Glaſs 


ſmoaked over a Torch, Lamp, or Candle, and with it looking 


| through a Teleſcope at the Sun s Body. The only Di c PH Ne p 
very that has been made by theſe. Maculz, is, chat tlie Sun re- 4 ö 


volves round his own Axis, in the Space of about 25 days. 
But for a compleat and ſudtinet Account of the Theory of 
theſe Macula and their Motions, I refer the Reader to the ex- 


cellent Mathematician Andrei Tacquet; Aftronim. Lib. 8, Track. 
3. Num. 7. Tis only te be noted, . for theſe ſeveral years. 


paſt, the Appearance of "theſe Macule has been much mire 
rare, than when Galileo ( whs certainly firſt diſcovered them) 


Scheinerus, Hevelius, attended their Obſervations; 'viz, about 50 Sun's 
or more years ago. About that tine, | otie Thema” ſeldorri 7 75 
ſee the Suns Face { no more chan nom our briphter- Beauties“ 


here t elow) free from one or more black Patches; but now”. 
( if they were grown out of Faſhion he ſeldom wears amy: 


Get in 5 or 7 years hardly appearing: As if no he put chem 5 


on, more of neceſſity, to cover an odd Pim 


ther iſe disfigure his Countenanee, than to ade 


„that may 6. 


to determine. at from them we naturally fall to Venus. 
(ig.) Vu, the brighteſt Planet im the H 


and in this Armour repoſin e entire Confidence, Perk! 
her Courſe alone, n all ones Nears.” 


| TE... Na 2 Aro 


20 2 


x his Face. Le 
far the Fair dex ſhould follow his Example, 1 dare not venture | 


| ns.” She (15) "I 
fears not ſometimes even at Noon- day to diſplay Le Bag . 2 | 
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SN . gr tk 0M + e  Ing0 8 
« Mercuty's Wit and Quickneſs fecutes him, therefore he has no 
Train, but generally ſhelters* himnſelf under the Beams of his 
r 


roy . But both. theſe Inferiour Planets are found by the Tel eſcope 
creaſe. to increaſe and decreaſe, as our Mn. For ſometimes they ap- 


= E corniculated, ſometimes falcated, ſometimes gibbous, and 
ometimes fall even on, or nigh” to their Conjunctions with 


e the Sun. By which laſt Phænomenon, tis manifeſt they move 
 maick5- about the Sun, ſometimes farther from us, ſometimes nigher 
Leal to us than be: and conſequently the Ptolemaick Fhpotheſis is 
abſolutely falſe. (whatever Fhotheſis be true.) And for the 

Demonſtrable Detection of this Error, we are beholden to the 

| Tileſcope : And I doubt not but Poſteriry may, by the ſame 
 Inftrument, diſcover ſome Hypotheſis as poſatively true: For the 
Probabilities of the Copernican Syſtem are already ſo ſtrongly 
confirm d thereby, that there ſeems no Room left for any far- 

ther Doubt; But Time and Labour will yet diſcover Kurer 
Proofs. How ſucceſsfully Mr. Hook has applyed the Teleſcope 
to prove the Motion of the Earth, I leave the Reader to judge 


* 


upon Perulal of his Genn. 
(16) DF  (1.6.) And thus at laſt are we arrived at home to contemplate 
% + aut Neighbour the Moon. Her may we properly call our 
own, as making us the Centre of her Periodical Motion. For, 
zs the Satellites about Saturn or 7 upiter move round them; fo 
moves the Moon as a Satellite about our Earth. Galileo with his 
\ Teleſcope firſt diſcover d great Ruggedneſs in the Moons Face, 
aſter him Langrenus the King of Spain's Coſmographer, at- 
tempted to draw her Picture. But the noble Hevelius in his 
curious and coſtly Work of Selenography, has perfected this 
Affair, perhaps beyond Amendment. There may we ſee the 
font Countenance diſtinguiſhed in an admirable difference 
of Parts, both for Shape and Colour. We may there fee 
greater Parts that reſemble our Seas, Lakes, Rivers, Iſlands , 
. Jo 8 Ft + = | Peninſulas, 


E 


7 


the Moon is Iucreaſing, and to the Weſtward; on her 3 
That theſe Mountains are very high, is manifeſt from t 


LS bas we pe 25 
e y 
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in number) that reſemble our Mountains, Hills and Vallies, 


Of the greater Parts, thoſe that are ſomething ob/cure, may we 
reckon Seas and Lakes; and the brighter may we account Land. 


For juſt ſo does our Earh appear, when, from a diſtane Height 
we look upon a Mixture Lang and Water enlightened by 
the Sun. Of the ſmaller Spots, thoſe that are brighteſt and ſhine; 
are Mountains and Rocks; and the darker Parts, which are 
uſually encompaſſed with theſe brighter Verges, may we e- 


ſteem Vallies. 


No that ſome Parts of the Moon are much higher than Mus | 
is Ic mani f a | aint in 

others, is as manifeſt by the Teleſcope, as that ſome Parts of te Mom. 

our Earth are higher than others. For if we. look upon it a- 


bout the Quarter-days, we ſhall plainly ſee the Edge, towards 


the dark Part, broken and "ag ed; and many little bright 
Spots, that are clearly ſeparate 


rom the reſt of the enlightned 
Part. Which is an evident Proof that theſe are the high Tops of 


Eminencies, which receive the Suns Light, before the Parts be- 5 
low them are enlightned. Moreover the Moons Spots caſt 


their Shadows oppoſite to the Sun, that is, to the Eaſtward, whilſt 


e 
way of Meaſuring them, delivered in Riccioli Almageſt. 1. Pag. 


- * 


208. And Tacquet Geom. Prac. Cap. 8. Prob. 2. 


- 


For the better diſtinguiſhing theſe Spots, and making them Names 


impoſed on 


more uſeful in the Obſervation of Lunar Eclipſes, there are 2% Spore. 


names impoſed on them by Authours: Hevelius aſſigns to them 
the names of Places here on Earth: Grimaldus and Ricciolus give 
to them the names of famous Mathematicians and Aſtronomers. 


By means of theſe Spots, Lunar Eclipſes are now much Bals, 


Accurate 


more accurately obſerved than formerly; to the great Ad- Her- 


vancement of Geography and Navigation, in ſetling the Lon- we ih 
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tbited.. 
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* of Places. 


thele Spots from the Shadow of the Earth are e moſt wee de 
Aen. 


Moreover, by theſe Spots whe Moon. is e to 


ORE! various librating © Motions, from Eaſt to Weſt, and from 
Weſt to Eaſt, alſo ke 


rom North to South, and from South to 
North. But hereof we cannot now enlarge, vid. Bullialdi Aſtrom. 
Philolaic. Lib. 3 Ca Heveli Selenograph :' Riccioli Amageſt. 
1. Lib. 4. Cap p. „Feber is it needful to inſiſt on the Moons 
Tranſits over, Rnd Appulſes to, fixt Stars and Planets; which can 
never be accurately oblerved but by the Teleſcope. I cannot 


tell whether it be worth our while to take notice in this Place, 


that Monſ. Iſaac Voſſius has publiſhed a fantaſtical Conceit of 


his own, for explicating the Appearance of the Moons Spots; ; 


in his Liber variarum Obſervationum. 


(179 )Ple- (i.) And now perhaps we may be allowed: oy Jew, 


nets the- 


der iuba-· and think awhile, whether all theſe Celeſtial Bodies, that 


thus dance round our Sun, may not be inhabited. But this 
ci uiſition has been already ſo ingeniouſty managed by ſe- 

(particularly by the Reverend Dr. Wilkins Biſhop of 
Cheſter, in his World in the Moon; and by Monſ. Fontenel 
his Plurality of Worlds ) that there is little 2 to be ſaid on 


the Subject Iſhall only add, that there is nothing in Nature, 


Morality or Religion, chat comradias the Affrmative of this O- 
pinion, And tis through a narrowneſs of Thought that 
ſome men deny it. They will not think on any other ſort of 
Creatures, than what we ſee here on Earth; and preſently be- 
gin to ask, how ſhould Men y live in Saturn's cold Cli- 
mates, or in the ſcorching Heat than affects Mercury. But 
ſhall we thus confine the Great Creator to our poor Concep- 


tions? Cannot he that has made a Man, a Whale, an Ele. 
phant, a Fly, be able to create indefinite Varieties of Crea- 


tures, and all endowed with different Faculties, and various 
Ways 
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(i8.) But here I quit theſe remote Thoughts ; and from 1 


viewing the admirable Extent, Beauty, Order and Variety of 4 : 


= Earth. 


the Creation abroad, betake my ſelf home to our own Globe. 
And here we ſhall not lay aſide our Teleſcope as uſeleſs : We 
may imploy it on various Occaſions and divers Concerns of 
Human Life. The Merchant may with this diſcern afar his 
rich-laden Veſſels, : whoſe: Sides and Sails are ſwell'd, and look 
big with imported Wealth, The Seaman may diſcern hi? 
Friend o Foe. The wealthy Countryman may ſurvey his 
diſtant Herds, Plantations, and Labourers; and Generals may 
obſerve their wide - ſpread Troops. But endleſs would it be to 
touch on all; the contriving Head will find it fu, and ad- 
apt it to his own particular Concerns on many Occaſions, that 
cannot now be thought uk. * % f 

(19.) And thus much ſhall ſuffice in ſhort, concerning the (19) Ae. 
Diſcoveries made with the Telefcope. And now I hope it will ſcopes 5 
not be asked, Cui Bono? To what End: are all thele Diſeo- Bine. 
veries? What Advantage is there in them? For, if the Advance-% 
ment of Aſtronomy have any good in it; if the furniſhing us = 
with a Contemplation from whence we may evince the Fo 4 

er and Wiſdom of an - Almighty Creator be any Good; If affording . I 
an 7 of admiring the vaſt Extent, Order and Beau. =_ 
ry of the Creation be any Good ; I am ſure, hereby we reap» © os 
all theſe Goods in an ample manner. Bur ſuppoſing that no- , 
thing of all theſe Advantages were at hand juſt ar prefene'y, 
let not the inquiſitive Philoſopher therefore deſpond in his 
Enquiries. The conſideration of the Magnet (as I have noted; 
before) teaches us what Secret Virtues may lurk in the fin- 

pleſt Things: And what admirable Uſes Poſterity may raiſe - - 


f s f | 1 a 3 5 12 F- | 
we! ) N 5 


to Diſquiſitions concerning a Vacuum, before our incompara- 


ble Philoſopher the Honorable Mr. Boyle, one of the chief Glo- 
ries of the Engliſh Nation, diſcovered its Uſefulneſs in predict- 
ing the Weather, by which tis become one of the moſt plea- 


ſant Inſtruments in the World. But this 1 ſay, not ſo much 


do encourage men in the Proſecution of #ſeleſs Are (for 
doubtleſs he is beſt imployed that can propoſe the 5 

tages to Mankind from his Studies) But to diſcourage ſome 

men from exclaiming —.— all Labours as abſolutely uſe- 

%, whoſe immediate Uſe they do not apprehend.  _ 

(20) Of (20.) And now that we are arrived at home, let us change 

ſcope, our Inſtrument, and take into our hands a Microſcow. And 

indeed with this, our Contemplations may be endleſs; all things 


affording ſuch admirable Appearances, ſuch curious Contex- 


ture of Parts, and ſuch delicate vivid Colours; that the Con- 
trivance of the Almighty Creator is as viſible in the meaneſt In- 
ſelt or Plant, as in the greateſt Leviathan or ſtrongeſt Oak. 


I 0 touch upon all the Wonders this Inſtrument ſhews us, 
would be infinite; I ſhall cherefore only refer to thoſe, who 


hhaaaye proſecuted Enquiries therewith to great Exatneſs. 

Fontana. Fyanciſcus Fontana ir his Obſervationes 2 Terreſtriumque 
Rerum (wherein he challenges to himſelf the Invention of the 
double Microſcope, An. 1618.) is the firſt (that I can learn) who 
publiſhed Microſcopical Obſervations of ſome few Bodies. After 


' Borellus. him Borellus at the end of his Tract, De vero Teleſcopii Inventore, 
Power. An. 1650. does the lame. Next a learned Engliſhman Dr. Pow- 


er, An. 1664. did the like. But all theſe went no farther than 
| verbal Deſcription ;.they want thoſe curious and lively Schemes, 
Hook: Which the learned and ingenious Mr. Hool preſents to the 


rable Diſcoveries by the Microſcope, and other curious Enqui- 
Grev. ries. The learned Dr. Grew, and the excellent Boxonian Phi- 


loſopher 
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its due diſtance before. the Glak by a fing Sew ; But 
beſt ſort, he beg'd our Excuſe in concealing them. The Ob. 1 
ſervations he has made with his Glaſſes are Printed in ſeveral = 
Letters of his in Dutch; but for the moſt pare, chey at - = 
found diſpers d in the Philoſophical TranſaBions. The laſt Author 
that has profeſſedly treated of Microſcopick Obſeryations, is Johan, 
Fran. Griendelins in 1 Micro . aphia nova ed 687, where- drehten. 
in he has taken a great deal of pains in giving! * Re- 

preſentations of his Objects as magnify. © 


I have been often delighted with che curious A 1 ky, Circula | 
many Objects ſeen through the Microſcope... fr none ever Bird in 2 
ſurpriſed me more , than the viſible Circulation of the Bleod in New. 
Wa News ( Lacerta aquatica) to be een as plainly Ma i 

ter running in a River, and proportionably much more rapid, 9 
Of this I have formerly given the Account at large to the RR. 
4 Society. And tis bab the Tee Tr ran(els. * _ 
177. P. 123 6. 
(pad; Tall conclce al, wich, two, remaining Uſes 0 
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bp pective Focus ſhall give the I nce of the Obje SM FE 
bf. But now 1 ſhall not conceal the Difficulties, that attend 0 7 

** this Method of obſerving Diſtances. And firſt, The Eye can 1 
1 never be juſtly certain, when the Needles Point is exattly in *F 
7: the Reſpective Focus; for tho the Way I pou. of examin- 
ing it (viz, by moving the Eye before the Eye-Glaſs, and 
obſerving whether or not the Needle ſeems to move on the 
Object) be the beſt Expedient, and moſt certain that I can 
think of at preſent : Vet we ſhall find, that it admits of ſome 
Latitude; and that the Needle may be moved a little more for- 
wild or backward, without ſhewing any viſible Motion thereof 
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N Tu. 41. Fg. i. Ale he two Bows © ts aber Tab. 1 
Object, D the farther Object; If both Eyes open are fixt N 
upon C, the Object D ſhall ſeem double, and then ſhurting 
| the left Ey e A, the left Image of P diſappears; and ſhutting 
the Rig E. 1 25 the 1 Image of D diſappeaas. 
But I both Eyes open are fixed" on D, then. C ſhall ſeem 
? double, and 25 left Eye A be ſhut, the right Tmagp ge of C 
es, if the ight we: B be Chu, he le Image _ 12 . 
De 
; elaraton of the Phenomenon, which any one 
xa by placing two Candles, DO 3- Foot, and 
1 Foot diſtant from the E Eyes, and then ſtanding ſo that tile 
Nole and t Objects may lie in or near a right Line, he'fix- | 
ing his Eyes or either Object, alternately open and ſhut then. 
— two andles, and at that Diſtance and Poſture, becauſe 
the Experiment thereby will be more ſenſibly evident; tho * 
it hold in any two Objects at whatever Diance, till alte 
: Diſtance be lo * „ that the dare between the two. 
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| Ir Angle ACB _ * more ADB B). is oy very _— 
- Pale. Lines AC, BG, may be taken to run as it were 
This being declared, I explicar the Reaſon ofthis Appear: 


ance, as follows. 15 
in the firſt Caſe, boch Eyes being fixed on C, if che Right 
is - "wie B be ſhuͤt, the Object D will appear to the leſt wp of 
Cu; then ſhutting the Left Eye A, an opening the Right Eye 
B, and looking at C, D will appear to ht Hand of C; 
chereſore opening both A and B, and looking ſtedfaſtly on C, 
the Object D will appear on boch ſides C, that is, both to 
the Right and Left Hand of C, and therefore double. And 
tis manifeſt, the Right Eye B receives the Right Image of P, 
and the Left Eye * the Left Image of D; therefore in this 
Qiuſe, to the Right Eye being ſhut, the Right 2 wP. 
n being ſhur, the 5 


d 4 he 
* fixing boch Eyes on D, 3 | 
200 "clay e A being ſhut, C appears to B | 
the Leſt Hand of D; "hen. che Right, Eye being ſhut, 'the 
Left Eye A ſees C on the Right Hand o D; ſo chat in this 
"Cale, be Right Eye receives the Left Image of C, and the 
Left Eye the Right Image of C, and conſequently the open- 
e ee does in chis Cale malte the conrary 
| Image of C * And why C ſhould ſeem double, is 
in this for the Right Eye ſees it on the Left 
nd of D, od che Lo Eee a6. che Bake Bonk aL. fo 
that both Eyes ſee it on both Hands of O, and therefore 
double. But then in the firſt Caſe, the Object DO, and not * 
"the Object C, ſeems double. And in the lecond Caſe; tbe 
| Object C, and not the Object D, ſeems. double. For in 
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58 towards the Place from whence the Stroak comes. So 1 
the mind 
(Which are a8 ft were a NET givin 


s hunt back by means of each Pencibof Rags © 
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Im dalle). to 
dingte firait. by, 
then, that the Mind or Oo om _ CD 


ol an Object, otiante alia, (as they term it) 3 
is idle and does A 


e Point f NI VA 0 


4 
Os — 7 


ereto. To ap 


ule char Word for a ching We all 22 and cannot bet- 
rerſexpreſs) takes no notice that there are to Axes Optici, ot ew 
pictures made by thgſe Axes Optici on each Retina, but follow- 
ing back, and hunting counter alongſt theſe Axes, it is direct- 
ed to, and determined in one Jogle Pants: and ace it tees 


it as 4, ES f 


And ſeeing this Specoltion.cdlow: rionirally n me nition 
Coglideration. of an Opinion, firſt as I — by the 
celebrated Guſſendus, and ſince embraced by many, vis. that 
we ſee but with one Eye at once one and ehe ſame Point 


IL ſhall not chink it i 


1 to m 1 « Diſoounle \ſomethirig relating to Gm 
ning. — ſelf only to what — 2 


th 4 my fotmer Explanations, - for to enumerate all che 


Experiments that prove we ſee with ewo Eyes, weuld ſwell 
chis far beyond che limits, Lidelign) it. Therefore to he 
ainſt our ſeeing wich two eee ou 4 the 
Fine ——_ of an Object, it is commonly objected, chat if it 
were ſo, ever would ſeem in two places at once, 
vile Gaſſendi 5 piſt. 4 . Magnit. Solis 'bumilis &. ſablimis, & 


7:41.F3. Taqueti Opt. lib. 1. 3 2. Thus in Tab. 4 1. Fig. 3. If 


the Eyes A, B, look at the Object C, and both ſee it at a 
time, A would ſec i it on the oppoiite Vall lappole: at E, and 


B at D. 
l am ſo far "mY thinking this anObjottion, that] alſerr firſt, 


that we do fee all Objects in two places, and that this is not 
taken notice of by us upon theſe Accounts. Firſt, the com- 


mon Objects of our ſight are large, and the Axes of our Eyes 


directed 


5 n the Object ( 


we — to leq ſuch in, two Ee 
2 IJread on 4 flat broad'Book,. where is che N 
for a fingle ſmall Lerter to be ſean on, at two places, the Let- 
ters themſelves are faxt to the Surface that deter ines the Sight. 
What I Inſtance in Letters on a;Bogk-may be accommodated 
to moſt other Objects, Secondly, There are four ee diſ- 
Fal frly for ſhewing us that we ſee them in tywvo places, 
or either their Bulk hinders the Experiment from appearing ſo 
ö =. or their diſtance from — or from the Eyes. 
ur The Wall D E and che Parts thereof are {ecn ſo con- 
fuſedly ne the Eyes A, B, when fixed on C, that we cannot 
ſo clearly —— this ws pag and this happeas to all Ob- 
. jer to us than ©, when, the; Eyes are 
— ſtill 1 chat it. Wr van a moderate 
frem us, ge fr us, 48 
may — ls — che Diſtance of che 
two — from each other. TFauuiy, the chief Reaſon ay 
to cover bot 
and E is, becauſe, though D be verd. by O fm the Eye 
B, yer it is not covered eee eee 
it not covered at all; Alſo though E be. covered hy 
fiom the Eye A, yet it is not covered fem the EB, and 
| conſequendy becauſe we ſee E, tho but wich one Eye B, we 
imagine it not — at all, ſo chat boch the [PaingsD.and 
E being open xb the Eyes A and B. vi the Pint N 
the Eye A, and I the Point E to the Eye B, we think neicher 
oſ chem covered; whereas really they are both obſcur d, each 
to its proper Eye, as will be evident by winking. /| And from 
hence is manifeſt the falſity of. Taquets Aſſertion in che foregited 
Place, iz that o both Eyes A and B (Hg: 3.) and 
at C, it ſhall appear only to rover E (he imaging 
char moſt Men as grogrally. wich their let Eye 2 1 
* 2 | ay 


at once; for 


pda lend time, "ie js: 8 
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ax ficiently plain. Theretor: in Tab. 411 Fig: 4. let A, B, be 
place the two Candles Cñ D, then take a large piece of Pa- 
per EFG HK, in whoſe: middle at K "there is a ſmall 
Hole. This Paper ſo place between the Eyes and Candles, 
D; and at the ſame time the Eye B may ſee through the 
Hole K the Candle C; the due Diſtance of the Paper that 
zs requiſite for this will be found by Tryals, and winking 
alternately with the Eyes. When all things are in this Po- : 
| ſure, open both Eyes A and B * and direct them to look 
ble; and what is proved of the Point K is true of all other 
Points in the Paper, ſo the whole Paper appears double; but 
no Points thereof are ſo evidently doubled as the Point K, 
becauſe they want the Advantage of Lights behind them to 
render the Experiment more ſenſible, And upon this Occaſi- 
on I cannot but hint to all Perſons that are deſirous to make 
8 Experiments about Viſion, that they always im py the moſt 
luminous and vigorous Objects they can poſſibly, for many 
Experiments will be evident by them, that will not ſenſibly 
luceeed Wick others, s N - 
But ] aſſert ſecondly, that unleſs we ſaw with both Eyes, 
the two firſt mentioned Experiments would not ſucceed, and 
they may be reckoned amongſt the greateſt Arguments that 
can be produced for iti. For ſuppoſe in Fig. 1. A and B 
to look ſtedfaſtly on C, I ſay they ſee C in two Places at 
once, for they ſee it both on the Right hand and Left _ 
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fully Tab. 41. Ng. J. ſuppoſing che two Eyes N aud B fixed rA õ 


the Object C, I ſay C appears on the oppoſite Wall X Z in two 
Places, viz; at E and F (tho neither E nor F are obſcur d 
thereby for the foregoing Reaſon ) for let us ſuppoſe tlie 
Object D of the firſt Figure to be placed duly on this Wall; 
ſhutting A, the Object C ſhall appear to B on the left hand 
of D by the Angle D BE : then ſhutting B, the Object C 
ſhall appear to A on the right hand of D, by the Angle 
DAF; wherefore to both _= at a time and looking at 
it, it ſhall appear on both ſides of D, to A on the right 
ſide, -to B on the left fide , and this happens by doubling 
of D; ſo that from hence this — ariſes, 
That an Object may be ſeen in two Places, and yet not ſeen 
double. . | 
Tbey that aſſert that we ſee but with one Eye, whilſt 
the other is idle and does nothing, aſſert likewiſe that all 
viſual Spirits recede from the idle Eye, and only ſupply the 
Eye that ſees; but I ſee no Reaſon why the Eyes A, B, 
looking at C, either of them ſhould be ſaid deſtitute of Spi- 
its in reſpect of C, which they ſee ſingle, and yet both re- 
pleniſhed with Spirits in reſpect of D, which they fee Dou- 
= The Images of C and D both are painted on the Ne- 
tina of A as well as of B, and therefore A and B both be- 
ing repleniſhed with Spirits to ſee D, (even by the Con- 
ceſſion of our Adverſaries) why not to ſee C alſo, at which. 
they ſtedfaſtly look? e 
Io conclude, I propoſe it to the learned and ingenious 
Dr. Briggs, or to any other of the Philoſophical Spirits of this 
Age to explain the foregoing Phænomena by the Doctors 
Theory of Viſion. And as a Concluſion to the whole ſhall 
only add one Experiment that Demonſtrates we ſee _ 
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E 55 tis „ Boak was in oy P yy 5 3 Hun, were uſb, 
that I could not attend the Peruſal and Correction thereof, 
but therein have made uſe of my Friend My. E. Halley,who was willing 
to do me that Service: He, after the firſt Part bereof was fiſhed | 
Jent me a Propoſition of his own » which I took to be of that Conſequence 
in Dioptricks, that I impor tuned him to permit it to be ſubjoyned by 
| 27 ts Sogn to my Treatiſe, it being of that Extent as to compre- 
Jend ks Fe Dort of the Foci of Spherical Glaſſes of all Sorts, | 
L: expoſed either to Bebe Converging, or Parallel for 3 #'t is 


VV ProrositION. 


= e Hei the Fr of any Parcel of Rays Di ing from, 
or Converging to a 885 Point in the Axis of a Nee 

. 3 and inclined thereto under the ſame Angle; the ratio of 
the Sines in Refraction being known. 
Let GL. Tab. 42. be the Lens,P any Point in its Surface,V the Tb. 42. 
Pole thereof, C he Center of the Sphere whereof it is a Segment, 

O the Object or Point in the Axis, to or from which the Rays do 
proceed, OP a given Ray: and ler the ratio of Refraction be 

as r to s; make CR'to CO as s to r for the immerſion of 

a Ray, or as r tos for the Emerſion, (that is, as the Sines of 

the Angles in the Medium which the Ray enters, to their cor- 
reſponding Sines in the Medium out of which it comes ) and 
laying C K from C towards O, the Point R ſhall be the ſame 

for all the Rays of the Point O. Then draw the Radius PC 

if need be continued, and with the Centre R. and Diſtance'O P 
nee arouh of an Arch neff C th Line e 
TD | ing 


being drawn ſhall be be parallel > cherefrated —.— and PF being 
made parallel thereto ſhall interſect the Axis in the Point F, 


' which is the Focus ſought Or make it as CQ: CP::CR:CF 


and CF ſhall be the Diſtance of the Focus N the Centre of 
the — f 


dera. W 3 


& 21 \ 7 
2 | 2 


Le fall the Perpendiculars Pxon the was 05 yon "i XY 
Ray and Cx, on the refracted Ray. By the. Conſtruction PF 
— QR arc Sia, whence. the A. os C and PF C are ſi- 


mular, and CRtoOQRasCF to PF, that is, CR to OP as 
CF to PF. Now CF: PFE: : Cx: Px 0b ſanilia Triang. whence 


CR: OP Cx: E x, and C R: Cx: OP: P x. Again C R is to 

CO as the Sines of Refraction, by conſtruction, t is as ſ tor 
or 1 tog; and as CR to ( ſo CO=" or CR tog or- 
Cz,and lo PO to Px: Burzs P Oto Fx, ſo CO to . Bred Cy 


=- or Cx, that is 5 Cy to C is as the Sines of Refraction, 


but Cy is the Sine of the Angle of Incidence, and Cx of che 
refracted Angle. Ergo conſtat Propoſitio. _ 


The ſeveral Caſes of Rays Diverging or Converging as they 5 
enter the curve Surface of a Convex or Concave Lem, are for the 


Readers Eaſe delineated in the firſt four Figures of Tab. 42. as 

are in Fig. 5 and 6 thereof, and in Fig. 1, 2. of Tab. 43. the 
like Cales of emerging Rays. All which are drawn with the ſame 
Letters to their reſpective Points, only in ſome the Point F fal- 


ling far diſtant, is to be underſtood 1 in the Interſection of the 


Line PF with the Axis. 
This thus demonſtrated in the moſt difficult Caſes, will, give 
all the Rules for the Foci of Rays parallel to the Axis as likewiſe | 


for the principle Focus, where the Rays neareſt the Axis do unite, 


all which Rules I ſhall collect in theſe following Corollaries. 
Cor. 1. If OP be equal to CR, then the Points Qand Care 


coincident, and the Rays OP alter Refraction run on parallel 
to the Axis. Cor. 2. 
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5 ſide e Aris, as in Fig. 1. the re mad 
verge bys Convex, ar the conyerging to diverge by a Con- 
canis; 
Ce. 3. If OP doexceed CR, the Focus is in all Caſes on 
the ſame fide of the Glaſs as is the Centre of the Sphere C. But 
contrarywile if O P be leſs than C R, the Focus all ontheother 
fide of the Glaſs beyond the Vertex V. 


Qia 


# % | "% 


* oy 


Gr. 4. An Object may be ſo placed, that the Rays next 
the Axis of a Convex- Glaſs ſhall have an imaginary Focus, trans- 
mitting diverging Rays, when the more remote Parts thereof 
ſhall make them converge to a real Focus 
Gr. 5. If OV the Diſtance of the Object from the Pole or 
Vertex of the Glaſs, be taken inſtead of OP, then will CQ 
be the difference of O V and CR, and as that difference to 
GR, fo the Radius CV to.CF the Dillance of the prind- 
pal Focus from the Centre of the Sphere whereof the Glaſs is a 
Segment: or elſe as CQto OP or RQ:: @PCroVFide 
focal diſtance from the Pole of che Glaſs. Whence follows a ge- 
| neral Rule for the Foci of all Glaſſes, only according to Corol. 3. 
if OV do exceed CR, the Focus is on the ſame fide of the 
Glaſs as is the Centre of the Sphere. But if CR be the great- 
er, then the Focus is on the oppoſite {ide of the Glaſs, whence 
it will be determined whether the Focus be real or imaginary. 
Cor. 6. What has bicherto been ſaid of one Surface of a Lens 
is eaſily applicable to the other; taking F the Focus of the firſt 
| Surface as an Object, and uſing it as O in the Figures for emer- 
ging Rays, wherchy the Focus of both Surfaces will be deter- 
mined, as in Tab. 43. Fig. 3. where have given an Example. 
Cor. 7. Hitherto we have conſidered only oblique Rays either 
| Diverging or Converging; it now rernains to add ſomething con- 
13 5 PoE 2 cerning 
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cerhing Rays parallel to the Ait: In this Caſe the Point O muſt 
be conſidered as infinitely diſtant, and conſequently Op, OC, 
and CR. are all infinite; and O P and OC are in this Caſe 

to be accounted as always equal, (ſince they differ hut by a Part 
of the Radius of the Sphere G PVL, which is no part of ei- 
ther of them,) wherefore the ratio of C R to OP will be al- 
ways the ſame, viz; as s to r for immerging Rays, and as 


r to « for thoſe that emerge. And by this Propoſition C E ĩs 


to P F in the fame ratio. It remains therefore to ſhew on the 
Baſe CP, to find all the Triangles CPF wherein CF is to 


PF in the ratio given by the degree of Refraction. This Pro- 
blem has been very fully conſidered by the celebrated Dr. Wallis 


in his late Treatiſe of Algebra, pag. 258. to which Irefer; but 
I muſt here repeat the Conſtruction thereof, Tab. 43. Hg. 4, 5. 


Let GP VL be a Lens, VC or PC the Radius of its 


Sphere, and let it be ee to find all the Points F, F, ſuch 
as Cf,, may be to P in t | 
Rays, or as r tos for the emerging. Divide CV in K, 


» 


e given ratio of sto r for immerg 


Ag 


continue CV to F, that CK weh bes V. and SP 
VF in the propoſed ratio: Then divide K F equally. in the 
Point a, and with that Center ſweep the Circle EK F; this Cir- 


cle being drawn gives readily all the Foci of the Parallel Rays 
OP, OP. For having continued. CP till it interſect the Circle 
in F, PF ſhall be always equal to V the Diſtance of 


the Focus of each reſpective Parcel of Rays OP, from the Ver- ; 


20 no hes ing UID So du vY tr 
To demonſtrate this, draw the prickt line VE, and by what 


is delivered by Dr. Wallis in the aforecited Place, V F and C E, 


made equal to PF, C F and Cf will be likewiſ 


will be alwayes in the ſame propoſed ratio. Again / being 
if equal, 


Ware 


Op, VC; and the Angles-P Cf, V CF being ad verticem 
are allo equal: Wherefore F f will be equal to VF, and con- 
fequently Cf to P/ in the ſame ratio as CF to VF, whence 
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and by what foregoes, the Points 7, F are the ſeveral reſpe&tive 1 95 
Foci of the ſeveral Parcels of Rays, OP, OP. QE. D. 
That QP is to P F in the ratio of the Refraction, in 


che caſe of parallel Rays, will be yet more evident, if it be 


conſider d, that the Angle at C is equal to the Angle of In- 
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fore P F the fide oppoſite to the Angle at C, is as the Sine 
of the Angle of Incidence, and CF oppoſite to the Angle 


— 


N _ - Sta FS er vr 
2 £5, 

4 > N 

* I * * 


at P, is as the Sine of the reſpective refracted Angle; whence 
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in all Caſes of parallel Rays, CF is to PF in 


to the foregoing Geometrical Conſtruction. For if in the Tri- 
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CO the diſtanceof the Object from che Centr of the Sphere, 
and the Perpendicular P x equal to the Sine of the Angle P CO, 
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LL the above. named Inſtruments as Teleſcopes of all Lengths, © 

Microſcopes fingle and double, Perſpectives great and ſmall, Read. 

. ing Glaſſes of all ſæes, Magnifying Glaſſes, Multiplying Glaſſes, 

| Triangular Priſms, Speaking Trumpets, Spectacles fitted to all Ages, aud 

all other Sorts of Glaſſes, both Concave and Convex are made and ſold 
by JOHN YARWELL at the Archimedes aud Three Golden Proſpects, 


| near the great North-Door in &. Paul's Church. I. ard : London. 
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